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fhis report vas coapLXed tp serTe as a reference on 
a^P^aents of achleveaent in j^re-^co} lege aa*- he^tiCs^ Patterns 9£ - 1> 
-^aathrevatical assessaents are di^nssed in teras 3^ tbe hi/story aid* 
nctara ?f ] asses^aeiits ,5f achieveaent^ the relationship betveen 
ais€fssaent and ainiaua coapeteiicy testing , tnd the cnrre&t status 
'^ate assessaent programs. Trends in aatheaat ics <BChJ:Wea62it az*e 
'exaained by presf»ntatioR of portions of reports of '^he National 
Assessaeit of Educational Progress and the Ca'lifbVn^^. X^ssessaent,^ 
graded six and tvelve. ConcXusibns dravn* from >a xaainat.'.on^ of these 
asseesaeQt data laclade: (1) Althottgh scho^'l^ h^aye^ be^& s access fi*:^ 
teactklag whCle . nasbcjc coapntationr they have b^n* only, aoderately 
successfaX with, decimals and. even leSs «ta3Ces.sf nl* in teaching 
coaputatlon with frasttons; C^V Students "who know "ho*** to coapute 
. freqaently do not know "when" or "Where" to coapnte^ (3) ,*SchooXs ius| 
broaden th-eir veiw of basic arit-haetic if they expect students to use 
what they are taught. An extensive ^i?t of references is ihcLudei. 
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esiatics E4u^atlon Reports • 

M^rthematlca/lducatlon iCaports -are devaloped to disseminate. 
Information concerning i&athematics ^lucatlon documents analyzed at ^ 
the VSIC Clbaringhpuse for ^bdence, K&thematics and Enviroxm^ntal 
Education* These reports nail Into three broad categories^ '* Resjaarch , ' ^ 
reviei^^ summarize and analyze recent research in spec if areas of 
math^satics education* B^source guides identify and analyze materials 
aira references for use by mathematics teachers at all levels. Special 
/bibliographies announce fhe availability of- doqu^nts and review the 
literature ±t\ selected interest areas of jtathe^tics education. Reports 
in each of the^e .categories may also* be targeted for ^specific ^abpopuia- 
tions of the mathematics education comaunity. Priorities for development 
of future Mathematics Education Reports are established by the Advisory 
Board of ehe Center, in cooperation with the National .Council of 
Teachers of MatheiMtics, the 'Special Interest Group for Research in 
Mathematics Education, the Conference Board of the Mathematical Sciences, 
and other professional groupis in mathematics education. Individual 
comments on past Reports and suggestions , for future Reports are « ' . 
always welcon^il by the Associate Director, v ' 
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This publication was prepared with 
Institute of Education, U,S. Department 6i Health, Education 
and Welfare under Contract ^o. 400-78-000^* The op-inions 
expressed in this report do not necessarily reflect the 
positions or policies of NIE or HEW, * 
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Assessing Math^atatlcal Achlevea^nt 

- The pheiioi!^u>ti pf^large-^cale achievei^nt test^tig ts not new,, but 
current interest is particularly high as assessiaents proceed Across 
the nation* Many persons are searching for sources of Information on ^ 
these assessD^nts/ This doctvaent was therefore compiled to '«erve as 
a reference on assessments of achievement In pre-^ollege mathematics • 
In Part I, the overall situation Is concisely suismarlzed, with coms^nts 
on the history ai^ nature of asses^si^nt and on the distinction between 
progress assessn^nt and minimum cdmpetency testing. A table indicates 
the status of assessn^nts In^the 50 states* In Part II, analyses from 
one national, assessii^nt atni one state assesss^nt are presented. 
Finally y.ta list of pertinent references from the, ERIC database a^ 
other sources is included; Thus, an indication of the ctirrent patterns' 
and trends in the assessqwit of maj:hema^lcal achievement is provided. ' 



I • ' PatttgmS of Asgessmetats ' . • • ' < ' 

A. ftlstory and Natu re of Assessments of Achieves^nt 

— ^ ^ . 

^ • # 

^ 'while achievement testing can be "traced back tq^'^ antiquity". (Coffr 
man, 1969, *p« 8), its modern orlgini in the Unlt^ States are generally 
considered to lie in 1897 with the research study by J. -M. Rlcf on * ' 
^achievement In s^elXin^, * Studies on math^na^ics achievement soon 
fplloired^ with Courtis (1909) as^n^ the lesjiers. As ear^^y as"1845, 
however, Horace Mann recognised the need for coi^arative data t|iat 
could be provided by examinations', ^ 

^ the Vecognltlon' that a system of comtm^n llx^pnlnatlons 
could be a means of raising standards within a state 
ayston of Question led to the establishment, in 
1865, of the Agents Examinatlotjts in the State of 
^ 'iTeWYork • . • (Coffmaji, 1969^ p. 8) 

Achi'fr?eme^t^ests have been recognized' historically for their moti- 
vational quality, as well as fof providing a basis for assigning, grades 
and making selections. They are used fo* form classes, to place students 
to evaluate 'curriculum as well as instruction, to identify exceptional 
children, and' to interjiret the schools to fhe community. However, their 
most significant role is as an integral p^t of the teaching-learning ' 
process: ^ * • • 

Their use in providing teachers with feedback regard- • 
Ing^ the eff etfts of instructional procedures has been 
rbcogi^ized, in principle if ^ not often in practice. 
(Cbffmaft, 1969, p,*9J . > * ' 



In a r^ent conference on testing, four purposes for teits were identi- 
fied Cfiyler and White, 1979, p. 3): . . 4 

^ * \ • , « ^ * 

(1) Holding teadhers, schools, and . school system^ accountable. , 



(2) IteUitig decisions .concerning individual dtudents, ; 

(3) Evaluating educatioi^l innovations axA experio^ntal ^ 
projects, I * " 

(4) ^;n>vidlng guidance to teachers in the classroom. 

■ ' A . > • • • - 

O 

Fbr the past 15 years, there haa been an attempt **to establish a 
systematic base for a coi|tini»us sti^y of the progress of creation 
within the United States" (Coffmant 1969^ 9). In the National 
AssesiBinent of Educational Progress (NAS[F) , saiaples of test questions 
have been administered to samples of age groups « This item-samplipg 
approach ' ' 

differs markedly from the typical one involving . ^ 
^ st^dardiz.ed achiej^ement tests in that the test , • 

item itself bepom/s the unit -of interpretation 
in a manner similar to that of the polling studies^ 
o' ai^ general izatioiis are related* to tl^' achievement* 
\, of broad stibclasses of the population rather than 

to individual students » specijFie schools^ or iden- ' ■ ^ 

ol systems. Thfi conception Is b6 
om the typical /he that there has b€en 
isunder standing, [but J t^e- development 
rovide educational policymakers with 
iiformation for decisions of broad - * - 



tillable sc 
different f: 
widespread 
• • • stiotild 
significant 



significance^ ^ (Coffman, 1969, p* 9) 

In addition to KAHP, testing programs in some individual states use 
the item-sampli^ng techriiqiue. V^ere a broad picttire of the status of . 
achievement Is desired, it is mot necessary to have every chlid answer 
ever^ritem^ With Carefully controlled samplfng of items and students, 
inftfifmat;,jLon about the status of achievement for the total group or for 
various Subgroups, can b^ obtained. ^However, when specific 'information 
about individual children is needed, then each child must answer all 
items of interest. In TOst local scIk^oI testing programs^as^iell as' 
in some statewide testing programs, this latter type of testing pattern 
is followed. . ^ 1 ^ 



As^ systematic testl 
concern grew about -the e 



A standardized 



g became a significant element in education, 
fec^'Of misusing tests^apd test data. 

test readily takes on, an aura of 
scientific precision far beyond that which Its , 
creator wpuld ilaim. . . . Ebel (1964> has pointed 
to the dangers of over intecpreta Aon of test scores. *^ 
• • • Clearly, it is not enough simply to have ^ . 
mastered fhe technical aspects of testing. It is I 
also necessary to develop an understanding of thp 
context within which tests are us?d, to be aware 
of limitations j and pos'sible^misuses , and to weigh 
a broad range qf possible -effects before deciding 
to use a p^rt^ular context. (Coffman, 1969, p. 9) 



•> 
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Perhaps \it is particularly important to note that an acjiievement 
test can provdiie only a mea'sure- of ^status , at a particular tiise. 
' , , '. ' »■* , ' ' . ' '. V ■ - ■ 

. . ..^Interpretation of achieveujent-test scores lin 
• ^ ' relation to educational i^ro^ifa^ must of necessity 
involve, either explicitly or ijipllcitly, the . . 
. collection of data at two {bints: time. A single^ ' 
Sffiople t^ten at'a |K>lnt in tine cah give no evidence 
of an "increase" in any attribute unless, one is Will- 
ie^ to ttake an assumption regarding the status of the 
student ^t some -prior point in t±o«'. (Ck}£faaik^ 1969, 

OnfoirtunatBly^ educators all too frequently, liccept as evidence of ^' 
achievement the peAfpm^nce of students at. ^Vingle point ; in time 
without regard to differences in tli^ir aohievement at some previcmS 
poin^ in Hale'. 

fhe result isXthat schoBlS are credited with produce 

ing high-quality output when the output depends 
' primarily on h£gh*-quality input, pupils are 

charged.with deficiencies in effcJrt when they are 
• _ actually achieviuog at* normal levels 'iin relation 

„. to their abilities- and, backgrounds. (Cbffm^n, ' 

1969, p. 7) 

/what should achieventent tests dqj? /Cronlund (1963, pp. 4-11) 
ll^ts the following points: / 4 / « 

. (1); They sbauld measure cla^rly define4 learning. outcomes,' 
^^ logically deriv^ froni instructional objectives.' ^ 

(2) They should mefa^ure an adelf&ate sample of the laming 
outcomes aiiid subject-natter content '^eluded in 
instruct^ion.. ' 

(3) -They should' include the types of test items most appro- 
priate for Q^asuring the desired learning outcomes. 



(4) They s^tild be designed to flt^hc^ partlciilar uses to 
be'made of the results* 

(5) *They should be made ^s reliable as possible aiuJ should 
then %e Interpre^ied wifh caution* ' 

^ ^ ^ ■ ■ ' 

(6) They should be used to is^prove student learning. 

As test procedifres atid results are analyzed^ such points should be 
^nsldeted, both by those making broad decisions about educational 
policy and by teachers planning for^roups of learners. While not 
limited to' mathematics tests, they have particular impllcatlotis for 
the assessB^t of mathematical learning. ' . 



As^n^as jioted earlier, testing of adhlev^ment In mathematics ^as 
been, putsued from the .early 1900s^on,. with extensive use of standard- 
ized fteilsting in mathematics . following the First World War* The 
purposes have varied, ranging from tempts simply to ascertain ho^ 
veil . children were doing or what errbrs children were, making, to the' 
broader purpose of WasHbuxme ai^ the Qomsiitl:>Be of Seven *ciurla& the 
late 1920s to resequetfce the 'currfca^ina in tenns of test f ixidtngs. 
The National ttongitudinal' Study of Mathematical Abilities wa^he 
first of the mod«ii large*-scale nesting prograiqs in mathematfics » 
(Wilson at al., 1^68-1972) . ' Planned and conducted by tfte'School/ 
Mathematics Study ^^roiip (S^G\, it was nof:' primarily concerned witH^ 
assessment 9 but ma^y of the^ pwcedtires used parallel those in la%er 

assessments, \ i- ' 

♦ ' • - I 

NLSMA was conceived as a study pf the effects of 
various kinds o^ mathematics ^textbodks on the learn- 
ing of mathematics J Schools were recruited to — ' . * ' 
^ participate at the fourth-^, seventh-*, a^ tenth--gra,de 
i^eis, and students in these inftial ^^ipmples were* 
folloi^d fot five yeaps^ in order to ^detect .long--tfferm 
as well a'js BlK>rt-tei7n effects of curricula CBegle^^ 
1975) • SMSG exerted no in^uence on the choice of 
textbooks^, nor were any fconsultant services or ' * - 
iBSterials proyided. Data on various characteristics - ' 
of students and teacher^ were gathered, in addition ' 
to cognitive and affective scores. The math&oatics 
tests wer^ constructed in terms of computation, com- 
prehension, application, Aid- analysis objectives: an 
^tem bank was' developed which h^s been used, in . ^ 
actuality or as a model, 'for myrlad^other studies. 
(Suydam and Osborne, 1977, p. 1^9^ 



^ 



At the time NLSMA was being planned, the goal of a fi^^ional 
assessi^nt across educational levels and subjects was coming to 
reality. The l4ational Assessment of Educational Progress (NAEF) , 
conducted by the Education Commission of the States, began assessment 
of various subject areas in the late 19^0s. The first mathematics 
assessment by NAEP'was conducted during 1972-73; the second was cbm- 
pleted in 1977-78. ^ In Part 11^, data from thfese two assessments will 
be present'ed. First, . however , a more general point Will be considered 



^ ' R. - Pro^resg Assfi'ssment; and MInlimHn Competency. Tegfrii^g 

\ \ W 

Not Infi^equently, discussions of progress assessment turn into 
dlscusjsions .miniimim competency testing. Is 'there a distitic'tiony 
or can the tvQ terms be used interchangeably? , 

The distinction between these two types of evaluation, 1^ often 
fu2zy — and bccd'sion^ly iK)n-€xistent. Yet they do differ. Whll« 
mlxilmuai competency tests comprise one fprm of assessment, they possess^ 
^cert4;tn features which distinguish th^ from progress assessments: 



4 , 



Progi;eds asrsessments are designed to determine the 
'status 'of groups of children at one* point in tiine, ' ^ 

» and to compare it with the status siiQllar groups 
^ ^ at another point in Cime«. Sometimes scores for indi- 
viduals are ^determined, a^ used by teachers to. help 
indivXtfuals'* -Biit the Jocus is on how well — or 
/poorly --the group oT children^ at, say, sixth-griade 
leyel, has achieved a spectrum of mathematical obj^c-^ 
tives. ^ : * 

Minimip competency^T^sting, on the o6her hand, is 
designed to measure the acquisition of specified 
iuiovledge an^ skills to or l)eyopd a specified standard. ^ 
Each individual is expected to attain at least the 
minimum^ stafidard, and thus cWmDni^rate competency with 
the k^wledge and ikilla whi^, by one ^ans o^ anothes^ 
have been specified as "necessary/* Moreover, knother 
feature of minimum competency tes^ng is* that the test 
I score may .be uded to determine whether or not the indi- 

vidual Will be promoted from grade to grade^ or 
graduated^ from high sctK^l. ^ . ^ 

*0n this lattet point the definition becomes particularly hagy, 
because it is not an aspect of ^^11 programs termed minimum competebcy. 
Thus, some states--for example, Massachusetts, Missouri, Neb^^aska, 
and New Hampshire^-are popularly reported as haying m^glmum cosq>e-*- 
tency tasting, but they do iK>t use the test scores as a basis for 
graduation or promotion. Many per sons' maintain, hoWevex;, that this 
is a key aspect of minimfum competency programs • Taylor, fotr instance, 
argues: , 

■ • ■• . ■ ' 

Minimum ^compet'ence is useful, not as a term with uni- 
versally aqcept^d meaning/ but rather as a' term With , • 
specific meaning in a specific situation, sujch as a ^ 
graduation requirement ^dr a ^particular school. Then, 
minisuim competence can be defined and measured, and % ' 
decisions can be made on the basis of whether a> student^ 
can demonstrate the attainment of the particular mini- 
mum competence. (Taylor, 197^, p. 89) „ 



It Is li&port^nt to tK>te that In progress assesss^jits , the focus 
is on the status of a group of leai^ers^ ' Assessments are Osed to 
survey trends in achievement or to 'det^t toeaknesses in^the cufricu--' 
lusn. Often, as In Minnesota. 

- • 

« Not every student is assessed at«*the grade levels 
. , . lAere the AsJ^fisment Program focuses* nor Is every , 
district dLnclbded in each assessiueiit . Isa^:ead, a ~ ' 
' stratified ssuaple is'used, based oa five sizes and « ' 
types of districts, and ri^^lt'd from these groups 
reported along with state results. / <Allen and 
Sushak, 1979, p. I> . 

, - / X • 

A' legislator frpa California, Lerpy F. Greene, State Assemblyman 
and Chairman of the Education Coxnaission^ adds this ^iev: , 

Parents, coxBimnities, and the legislature also want 
to knpw the cost ai^ the bedefits pf the education 
systei^ as a ^ole, and for this ve'ne'ed state-level « 
assessQ^nt* • • • State-level testing and assesss^nt 
program^ should i^t. identify ai^ pupil participating 
in such assessment, but rather /should serve as a tool 
for measuring the educational progress of schools, 
school districts, and the staters education syston. 
StAte level assessments are ndt a proper instrunient 
for *dlagi»sing the needs of ati individual student or 
for determining whether a student should* be pron^ted, 
retained, or graduated. (Greene, 1978, p. 7) 

On tKe" other hand, the emphasis in minimum competency testing is 
on the individual student. The individual is affected by the .test: 
he or she is^lAbeled competent or in(coi!^etent . Whether or not each 
particular , student will iSe promoted/or graduated is at stake ^ 



The growth of progress assesstoeftt and in particular, minimum cpm- 
petency testing fias been reported for some years by Pipho of the 
Education Commission of t)te Sl^at^s, He noted that 

What began |S a start^i^ing idea in California, Florida, 
6regon, and a handful 9f other states in 1975 And 1976 
has xK>w arrived ,i^ ^ome form in each state. ^ As of 
March 15", 1978, 33/states had taken some type of 
actipn to mandate /the shettlng of minimum^competency ^ 
standatda for el4^fcent;ary aria secot«lary students. All^ 
the i^emaining s^ate^ either have legislation pending 
or legislative/or state boa^d studies under way. 
(Pipho, 1978, /p^ 585) ^ 



AS of May 1979,^ 19, st^t^s were reported a^ requiring students to. pass 
a minimum competency/test ^fojp graduation,* whi?le others used It ^for pro 
SBOtion From junior .high School t^f^high school or for ^determining the 
ne^d for remedial ^rk (Newsweek, 1979, . p. 97) . Some, states have 




developed a high school graduation- test (e.g.. New York), 'or a high 
se}»>ol equiv£(lency test (e.g. , Califoi^nia^and Florida) (ETS, ' 1977', 
p* 2). In other inscances,- local school districts have taken the 
initiative independent of state actioo, ofCen with- pressure from 
local parent groups. , .^^-—^ . , ' , a'^sv . ? 

v.- . - • . jL. 

Why have progress anssessiT^nt and mininmm compe^l^^ testing "swegt 
the country"? "Mdny analyses have 'concluded that bo^fe arfe, results of 
the movement toward accountability', which the public 'dasanded increas- 
ingly ^ring the 1970s. . CThe • rallying cry of "back' to the basics" led" 
to a headlong rush' into' Ibininaua competendy testing. Clark and Ttoirfsort 
(1976,^ p. 5) cited the follpwing reasons for "the pfublic*s detenalna^ ' 
tion to define t^c high school diploma''; - ' 

- Scares on the Sctolastic Aptitude Test have fallen, ^ 
and the American College Testing program also rejwrt^ ^ . ' 
a decline In the average scores of students applying 
^ for college admission. * ' 



Tlje National Assessment of Educational Progress in 
^1975 reported a decline in some scores. 

NAEP also reported in a nationwide survey of 17-ycar- 
' old students and young adults that many consumers are 
not prepaf^d to sbop wisely because^ of their inability 
to tisfe fuiKiamental mathematical principles such as 
figuring with fractions o^ working with peirents^ - ^ 

, ^Another report cited varied reasons fOr*t he. support of minimum 
competency testing by different groups (Miller, 1978, p. 5) : 

Parents: thfey.fear that children have been passed through the 
system without proper concern for developing the 
skills necessary for success In adulthood. 

Tasqpayers: tHey ask educators to explain why educational costs 
, 4 are rising while enrollment and test scores decline. 

Ehployers : they are disappointed in the pool of applicants avail- 
^ able: many ^ployees^have difficulty xrf.th such tasks 

* . V rilling out^fom^, answering telephones, anc? simple 
cpmputatioi 

. Of flcials ♦in institujljans of higher 'learning f they are unhappy 
^ about theyfleiBine in Scholastic Aptitude scores and - 
fhef^eed fqr r^^dial courses for enterlnl freshmen. 

Ctfltlfcs the s<^ols: they Ijope that this issue will help , 
create support ^or r^tructuring the schools accord- 
f ing^to their particular goals, * 



^eme persc^s .Identify a more complex rei^son for the call for pro-^ 
ficiency standards. They argue ' that ^. * > - ' 



^ . tt 1.9 ^r^sponse to a particular, political and . 
»' • filit^pl .atlnaili. 'High real property and ' personal ' 

Incone .t^* levels for some groups atkl .tj^id proBl^ils ' • ' 
some middle.^class kids 'have reading aad get l?ing into 
• professional 8c1kk>1s lie behind' the ci^Jr *f or account- 
aa>llJLty. the letter problem Is really that the midifle 
cX^Ste^Bi %axixt6t us^ the public schools for the purposes 
tb^whiiiH they ^re ^accustosied . . . the iteritpcri»cy is 
tuorkin^ and more middle class chi^reri are secluded 
/' from tiie rewards of advanced educatioi^ (Keiley,' 
1977. pp, 3-4) . . ■ . * ' 

- ^ . ■ - • ; 

Others have similarly noted thjat political con&ldeirat±onjs and financial 
constraints ^e the major factors influencing administrative decisions, 
fbr instance,'' as a prelude' to discussion of niathematicV testing; 
Taylor (19?9i statfed: . . ^ 

. . - Dollars from local taxfis are getting evfe,,nare\scarce. , 
The. passage of Proposition 13 in.Califom'^ is a signal 
that taxpayers are "fed up" \rltl\ taxes* in %ejieral and 
property t^es lit particular. ,JIJhe effects of this so- 
. called "taxpayer revolt'V are being severfi'ly fctlt by 
school syst-ems throu^u't the country, (p. •98) 

■He urges that there is need for a systematic approach to>developing 
. cost-effective programs- of Instruction and testing, rather than making 
educational decisions oil a "crisis orientation," with the creation of 
crisis as one way to' get ^ decision (p. 108). . ■' 

rurthermoret/he is ^xnotig the many educators who have warned of 
potential hannvfrom minimum competency testing iTrograms, at least as 
^ey are presently being mandated and impleifteiited. He ik>ints;'out 
that, many p^rogr^^i^were hastily conceived, ^ - 

with tl^e naive assumptions that lii^her ^achievement 
could be- legislated^ that no special funds were needed 
-for testing and remediation programs, and that suit-- 
able test% were readily available. (Taylor,- 1979, 98) 

In BpWfi instances, educators have been bypassed as programs were " 
established. The gatteynv in Virginia is not totally unique: legisla-^ 
tion was enacted, mandating the development of minimum competerfcy 
objectives and tests with which to assess them, with little interaction 
with educational agencies in the state. St^te departments o^ education 
and local school districts were ^giv^^relatively short period of time 
^to implement the l^islative mand'iQ^JP^^^^^s had no direct role in 
the decision-making- process, nor wa&tn^ rat ionale^r the, decision- 
making process clear (S.uydam and ©sb^rne, 1977, p* 210). 

' r ' ,[ . ^. ' • * ; * ^ 

A major difficulty connecfted with any 'competency prograni is the 
matter of determining 4^hat a minimum level of competency is. 



ttow much should a s.tudent master? M^hat const it'utes 
"functional literacy"? How many competentiea are 



. eHp»[h?^ A i^ated " concern 

v *; . 'at1>itrary ctlt:-o|f ^ will" resiilt in top many yoyngft^s, '~ • 
, . falling the test, wi.th the podt and, ^noyi^ies ^st' 
' -^irectly^af^ectsed . . . Another olijec^^tibn voiced often 
. * * . ls._tHat minis$sffi r&<lul'reiaent8 vUl becopoe "Ishe inaxlisuin, 
' * .that levels of 'proficiency ^IJl be set so"low that *1 
' ' they will becoiad wbrthles6|.'- |ETS,. 1977, pp. 2-3)'. • 

' ■ ' ' . ' . , • 
ite H^c)}erience with "minimimi bompetency tj^sting Increases ^ answers 
to soiae concerns tiavct. appea^red/ . Action in Zeglsiatures, 'state''. despart- 
laetits of teducat; Ion) \and schools is becandng '"iac$re de|.lbe.rat{a 'aQ4 con- 
Bt^erate as^iifae^.Qomplacitles .of test^ the oth6r^ Issues eme^^e" 

(Taylor, i979; pjS* 98^95). The nfeefi. for incorpbratihg intensive 
reisedlal fnstructlDn. ifitb programs is bep&ming clear.: achievement of 
"coihpet€«cy canrspt j^mply^ mandfatedj/but lau^t bp 4evel6ped througTi 
longrreiige iplanning.^^ Therefore, spme ^mearfs- of attaining competency 
must ^ available for tlK>se wtip- have f&iled to. den»n^ it oh the; 

test.!^Fedrs {;hat relatively low levpls of proficiency will become, 
maxlnmm standafds are still present, blit also present Is concern for - 
readjusting the curricul.ufia to reflect the fundaaerfCal competencies 
that all citizens mist have in tCKiay's7r-and tO0K)rrow's--pWtrld. 
. ■. ' * ^ . - . - , . , ^ ^ ' 

The Position Paper ori- Basic SkUls, published by the National 
Cauncll of Supervisors of Mathematics <NCSM) provides a basis for 
such effot'ts. It WAS iK>ted that, in mdny mlnimutt competency state^ 
ments, ^'compiitatipn" or "arithmetic" t«s stipulated. The NCSJI 
cautioned agafnst this narrow definition, -and propos€td that ten 
slcills are basic in mathematics:. . ^ ^ 

^ Problem solving . ' /^^^V^T 
o Applying mathematics to everyday situations 



o Alertness to the reasonableness of results 



o Estimation and approximation ' ^ 
^ Appropriate computational skills 

o /Geometry ^ * * 

«» Measurement ' ' ' 

\, ^ Reading, interpreting, and constructing tablesT charts, 
and grdphs ^ ■ 

® Using mathematics to predict 

© Computer literacy 

«> ^ » • 

They noted that computation is an elfement of each of ^hfise skills 
bdt conq>utational skills per se constitute only one gf the teif skills 
listed, Tyler and j^hlte (1^79) therefore noted: 

As mathematica teachers Increasingly emphasize these 
other basic skills,^ t^sts used to assess their success 
^In teaching.must contain *pn appropriate selection of 



Ites^ In the^e dtfier 'are&s. ' .Sliolldr. needs exist 
elsewhere' ip the 'fcurriculu».** The n»re "broadly con- • 
, ceived skills being ^oall^d for- in, mathematics, aixl 
•el-sewh&re are' often ones that, reflect the. needs of 
, ^» , 'adults ih analyzing and solving practical problems 

,4 that confrcfht eh^'in^their 'jobs and personal liv^. • ' / 
S^±lar 'object iyea — such as the_' ability -to solve 
. • p:i^act^£il«prpblems involv<fng^ computation and reading . 

• . — are fc^nd .in a numbeij of'the competency tests being 

devised by- tjie 'states. ' ' (p. 15)' . - • * 
^ . ' ■■ 

. . Taylor (1^79) ^ddk^ tliat / ' ' ' , 

* . " , Itjtiv^rsal •a^re^ment: .op mlninaim^ competence ^^essary 

for all c4-tizens ia. iKJt«lik^y to be achiev»l. If 
minlimfin coi9petence ds to be defined^ it should be 
done^t'the local level. Tl^ri if the distinction 
between J?asic skills and laitftimim com|fetence is ma4-n-^ 
ta^ed,' the bfoad concept of 'basic iskills will ijot 
\ be narrowed or compromised.*' (Taylor, 1979^ p. 102) 

^ • • • , ^ * - y 

The NCSM Posit Ibn Paper also contains a statement abbut^ testing, 

pointing out that-j if propfeVly conceited, conducted, and interpreted, 

test can be educationally beneficial, " 'V 

Large-ac ajt^^ eqting , whether involving all students 
'• or a rati^pr^j|p>le; caa resultr in interpretations 
^ which h&ye ^«eaC> inf lu^ence on* curriculum .revisions 

and development. Test Results can indicate, for 
exanple, that* a particular mathematical topic is 
being taught at the wrong* time iyi thfe student's 
development and that it might better be intrdduted 
later or earlier in the curriculiria. Or, the results 
might indicate that students are^''^ :onfusfsd about some 
^ topic as a result of inappropriate teaching proce- >^ 

dures. In any case, test results stwuld be carefully " 
examined by educators with special skills in the area 
of curriculum development (NCSM; 1977) . . 

Progress assessment,, ancj mlninjum competency testing, are a fact 
of the current educational scene. That there is considerable overlap 
and confusion between the two t§nns shbuld h& apparent* Ass*essmetit 
does not necessarily imply the setting of standards, but neither does 
it guarantee that stan4ards will not be «et or sanctions imposed on 
students who do not meet ttose standards, . One of ,the nK>st articulate 
ireiictments of less-than--caref ul testing is given by Shirley Hill, 
president of the National (k)uncil of Teachers of ^Mathematics. 

The 'public wants l^igh test scores now— never mind wl^at 
we are testing and never min.d its; potential for obso- 
lescence. Just get higher scopes than the school 
district down the road. Or be sure y^u inake the year's 
Top Ten in Minimal Competencies • . Dramatic, rapid 



gains in scorep shpuXd-be a ^nger slgtxal. How 
conc^perated and. lioieill was, the effort? Doe? it ' 
concern itself with long-term retention 'a'pd appli- 
, cation? At the expense af what eise have- these : 

galas beeni achieved? These questions should be 
' , . asked, aiKi,the tteans employed should be carefully 
examined. (1979, p. 2) * ' , . 

, . V. • . . . . . . . -/ 

. * a «- 

C, Status of 'State Ag^essnent* Programs * V 

One of the original goals of this report was to present' a dear 
t>,lcture of ,the status of mathematics achievement assessments across 
the country. To accomplish this task, we turned to existing documents 
, that have reported survey results and other cdmp lied information 
(e.g., ETS, IW; -tiawthome, 1974;- Kauffman, 1979; Olriey, 1977: Pipho. 
1979; Porter and WUdeinutK,M976; -Suydam and Osborne. 1977), as well 
as reports from individual states. We antlcii)ated collating informa- * 
tion on such factors as the type of assessn^nt (status or progress 
assessment, or minimum coifl^etency) , the vehicle through tfhich action 
was to be initiated (legislature, state department or" board of educa- 
tion, or local education agency), the years in which assessments were 
conducted, the type of test used tstandardized or non-standardized) , 
the grade or age levels involved, dnd the number of, stirfents "tested ! 

The task was not as simple as it seemed ^ Not only Is a great 
deal of information- inaccessible; even worse, many instances of con- 
tradictory information became evident. As one ex^ple of this, several 
documents stated that the Lcrulsiana Assessment did i»t include 'mathe- 
matics; however, wfe recovered ^rom ERIC a report on the Louisiana 
Mathematics Assessment! Confusion over definitions of assessment aiwJ 
competency testing we had anticipated; we did-«not anticipate the great 
difficulty in Reconciling type o.f action, dates, levels, and other 
factors. In fact, "reconciliation"' Is hardly an appropriate word: .we 
had to use subjective judgnffint in an attempt to determine wh^t con- ' 
flicting Information meant. (In the case of "level," w^ simply, noted 
alternatives cited.) In some cases, this judgment was correct; In 
others, errors may be found, while some information is "second-hand" 
from the reports of compilers, other information was obtained directly 
from documents from the individual states. Unfortunately, information 
and documents from all states v^te not located or obtained. (Had wfe 
resort t6,our own survey to obtain the needed information, the 
"percentage correct" might have been slightly higher. It stould^be 
noted, however-, that conflicting information hat ^Isen from previous 
surveys. Apparently, perceptions of respondents have dlff ered--and 
in some cases,, a low return rate added to the difficulty of obtaining 
accurate information.) 

could 'merely have noted that confusion exists, and that to 
obtain a precise, accurate indication of the status of achle^ent 
assessments in/ mathematics aeross the states Is impossible. Instead 
we chose to Resent the- information that we have been able to glean.' 



The' ta)>le that follows Is Incotaplet^r the gaps ate obvious. (Thus^ 
ve did i»)t,list dates *when v^ thought assessments were probably con- 
ducted;, we listed ooly what we could verify.) 'Please dp not fojeget 
that it might alfik> contain incorrect^ information^ even ttotigh we 
trleld tc^ include only* that which was affirmed by several sources. ^ 
In tfy& reference ^Itmn are listed doctm^i^s in the ERIC system from 
which lietailed information can be obtain^, plus selected other *docu« 
Qients included in the list of References /in this publicajtioa. There 
undoub'tedfy exist other d^cns^nts which wer'e not ablia to locate.. 
Additional informatioi^ on progress assessments may be requested from 
the 6^ates («lt;^K>u*gh m>t ali have this Information available for 
'dlstri^Hition) . / . 
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1978 

(1980) 


S 

S , 


5 / 

11 / 
5 / 

12 / 

9-12} 


f 4,(M)0 
^ 3,(K)0 
4,000 
2,000 

- f 


N: ED 079 825 (Caapbell and 
•Forsgren, 1970) 
ED 169 119 (Ellison et #1. , 
1978) 

[See also Utah, 1974; Elllsttn 
et al., 1975.] 


Vermrat 


0/M 


State 


1978 




k-lk 


all 




Virginia 


0/M 


' Legl|. 


1978 




k-il " all 
(^^6.8.10.11) 


[See Virginia, 1976.] 


Washington 
• 


O/A 


Legls. 


1971 

% ATT 

< 


S 


4 
6 

4.8,11 


6,763 
6^881 


P: ED 086 725 (Braulll6;tt 1973) 


- Hest Virginia 


0/A 


State 




s 


3,6,9, 


U, all 


OtT'ED 166 234 (1978) 


^JML^^ ■ j 

Wisconsin 


O/A 


State 


1969 
1973 ^ 
1977 

• 


N 
S 


3,7 

4,8,12 


« 


0: ED 051 186 (Henderson et al. 
1971) 

ED 069 475 (Henderson et al. 



V 



1973) 

V% ED 096 320/325/328 (1974) 
[See also Couleon and How, 1977.] 
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In this 8ectlon,%^a^ ^rom t}^e two mathematics assessi^nts ci^a^ 
ducted by the I^tibnal'^i^s^ssment of Educational Progress will be 
presented , ^ and apparent ^rand^s in mathematiics achievement will be 
identified. To provide ^i^i^lonal inf ocmation* on achievraient tretidQ, 
an analysis of the mathematk^^v^rtio^ of the California Assessment 
Program from 1975 to 1979 wiil 1)^ cited. These data both supplement 
and contrast with the NAEP duta-^^ 



\ • 



A. ^ Trends in Mathematics Achievement from the National 
Assessment of Educat^onal^ Progress* y 

The National Assessn^nt of Edu<^^,tlohal Progress (NAEP) has 
completed two surveys of the mathemat:^s achievement of 9-, 
13->and 17--year--old students, the firs t^coiKiuc ted dur:^g the 1972^-73 
sctu>ol year aiKl the second five years later ^ during 1977-78. Des- 
cribed here are changes in student performance in mathematics between 
the 1973 and 1978 assessments. ' ' > v 

The 1977-78 mathematics assessment was designed to measure stu*-' 
dents* abilities at four different cognitive process levels crossing 
a variety of traditional mathematics content areas. These cognitive 
process levels are: (1) knowledge, (2)|^s kills, (3) lihders tending and 
(4) application. Major content areas assessed are nui^b^rs ai^ nt^ner-* 
.ation; variables awj relationships; geometry (size, ^hape ai^ posi- 
tion); measurement; and "other topics/* including probiability and 
statistics, and 'graphs and tables. For a more complete description 
of the development of the 1977-78 mathematics assessment, refer to^ 
Mg^h&mtiaa Objectives,^ Seaond ABsessment (NAEP, 1978). V 

Hie knowledge level of cognitive process involves recall of l^cts 
ami definitions, and Inci'tiies siach topics as number order; ^plac^^ ^ , 
value; basic facts of addition, subtraction, multiplication and^ 
division; geometric figures; and measurement units. Skills involve ^ 
the ability to jase specific algorithms and manipulate mathematical 
S3ni^ls. Included In the skills level of cognitive process *are com- 
puting with whole numbers, fractions, decimals, percents and inte- ^ 
. gers; taking measurements; converting measurement units; reading 
graphs and tables; and manipulating geometric figures aiKi algebraic 
expressions. Understanding implies a higher level of cognitjive pro- 
cess than simply recalling facts or using algorithms. Exercises 
assessing mathematical understanding asked students to provide an 
explanation or illustration of differefit mathematical knowledges 
or skills, requiring a transformation of knowledge but not the appli- 
cation of that knowledge to solve a problem. Application requires the 
the use of mathematical knowledge, skills and/or understandings — 
typically in problem-solving activities. 



*The following material is a reorganization of the NAEP repqrt Changes 
in Mathematical Achievement, 1973-78 ^ pp^ ^'Mt' Essentially all * 
material is cjuoted directly.^ 




Measuring Changes in Achieileisent 



Testing conditions must be as nearly the satae as possible in each 
assessB^nt to assure ^n accurate measure of changea in performance. 
National Assesraient made every effort to told conditions constant by 
reading Instructions and it^s on tape to students ai^ Sy using trained 
administrators, ratter than classroom per^nnel, to coxKluct the assess** 
ment. It^as used tp measure change were identical in wording and^ for-* 
mat in each sutvey, and time.allo^d for. students, to respond was, the I 
aasie. Comparable samples of young p^ple were drawn for each assess** 
fimnt year. * 

As previously stated ^ identical sets of Iteiss ver.e used in each 
assessment ye^ to measure changes in performance. Overall changes , 
in mathematics achieven^nt. were "based on 55 item part^ for 9-year-old8, 
77 Itaa parts for 13-year-olds, and 102 item-parts for 17-ye^r^Xd8. 
Between 2,100 and 2, 500 "Students at each age responded to an item in 
each "assessment. Items were packaged in booklets, ax^ any one student 
completed only one bcjpklet of about 45 minutes in length. In 1977-78 
there were 7 booklets for 9-year-olds, 11- for 13-ye»r-olda, and 12 for 
17-year-old8. Approximately 17,000 9-year-t>lds, 27,000 13-year-bld8, 
snd*27,0OO 17-year-olds participated in the mathematics assessment. 

"ftiir teen-year -olds were assessed in October through Deceaber in 
both the first avd second assessments; S-year-^lds^ in January and 
February; and 17 -year-olds, in March ax^ April. Thus, the aimjunt of 
school experience for each age group was approximately the dame in 
eaph assessment « 

Item scoripg also r^sained consistent across assessment 
years. Approximately 20 pei'cent at the Items tised to measure change 
were multiple-choice. ^ These were scored by an optical scanning 
machine;/ the same answers were scored correct in each assessment 
year. The remaining 80 percent of the items were open-ended, laean- 
ing that respondents had to supply the correct answer. Scoring 
guides for open-ended items, wKich define categories of acceptable 
and unacceptable responses, were revised in 1978. All 1973 responses 
were rescored at the same time that the 1978 responses were scored, 
using the 1978 scoring guides, to insure that scoring of ^he two 
sets of data was ^he same. 

• - J ■ 

Reporting the Data - , 

- Differences In average or item-level performance between asse^s^ 
ments are described as changes only if the differences are statisti- 
cally significant at the ^05 level; differences' th«it ai'e not' 
significant at that level are described as being "not appreciably 
different." However, it should be remembered that changes may be 
statistically significant but still not large enough to be meaning- 
ful. A positive difference in performance for a certain average or . 
item indidates that more people made a correct response in 1978 than 
In 1973; a negative difference shows that fewer people made' a correct 
response In. the second assessment than the^ first* 
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Changes at Different Cognitive Levels 



Mathematical Knovledge 

IteniB assessing knowledge stressed recall .and recognition of 
facts and definitions — including the names o^ numbers, number order, 
and the nam^s of geometric figux;es. Average results for all items 
in the knowledge section showed too appretjiable change fojr any of 
the three NAEP age groups. ^ 

However, exercises assessing knowledge of th^ metric syst^^of 
measurement — one administer®! to 13^year-olds a&d two administer^ 
to 17-year-olds — showed very suTjstantial gains (26 percentage points 
for the 13-year-olds'" item; 12 and 15 percentage points for the 17- 
year-olds* items). .These gains were latge enough to affect substan- 
.tlally the average results for ail items. When the three metric 
^ it^is were ren»ved from the knowledge averages, both 13- and 17-year- 
olds showed decline in mathematical knowl^edge as sumaarized in Table 1. 



TABLE 1. Changes in Average Ferforman^ on Mathematical* 
Knowleclge Items when Metric Items Were Omitted 



« 


Nymber of - 
Items. 


Average Performance 
1973 1978 


^ in Average 
Ferfom^nce ' 


Age 9 


17 


55% 


55% 


-1% + 


Age 13 


15 


' 67% 


65% 


'-2%* 

# 


' Age 17 


16 


63% 


62% , 


-2%* + 



Mathematical Skills , 

Mathematical skills involve the ability to manipulate mathemati- 
cal symbols or use an algorithm — for example, adding a column of 
numbers, reading information from a table or solving a given equation. 
Average results for skill items sliowed that 9-year-olds' skill levels 
did not change between 1973 and 1978. However, average skill Revels 
of 13- an^ 17-year-olds declined,' vfith 17-year-olds showing the larger 
drop. Itesults for items measuring specific mathematical skills are 
presented" in Table 2. / 



-t- Figures do not total because of rounding. 
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.;TAm«^*2 ^ QHaitg^' in Average Perfotmahce':oii Mdtheiiu»^tlcs - \. 
' V . Skills Items iJiSsesated in 1973. ^nd 1978 

'J ' ' ^' I ^ I ' r ^ 1 I ' li II • ■ i' T i II II - II J 

, * Nimber . , r * > . r ^ Change ih 

. '} ; ; ' -o^,* v. ' ;. Averagi» Petfbrmance * Average \ . 

. ^ Ittfeais rfr , .197:? ' '1978 • performanc e 

rr^' 0 ■ ^ . V — n — ■ V, c . " • L ...» 



Age iV-,^ ' ■' ■'. 51% ' r-49%' 



.1' 



-52*^ 



-U4. 



IJtid6t standing imp Ilea a (hfgh^r ^eWl cognitive jiroceaf than 
recalling facts, or Wing, skills.* It Iril^lves the . abil!ttiy to grasp * • 
the princijxles . lin^erlying various knoVl,Mges - or ^kill6.^ feterclses 
laeaaurlng luiders^hji^Si^ pfften ^reqiiired studetita to ty^mslate kno;#- , 
ledge or skills froia pne form to anoti^er, for exaciplei* si^^titutiuR . 
one form of mathematical -expression for another,, oi^ pfo^iding. 
an e:^planatlon or illusttation of . a p^articyl'sr Imowl^ge or 
skill. '•• v'.v ■*■. \ . ■ 

■ ■ ^ . . • . • -■ : ■■ 
Understanding was not heavily emphasized in the firsts as^ess- 

Bffint of iaathematlcs, and thus there are relatively few ifcfc^ 

measuring changes in this area, especially for 9-year-olds. 

Performance of 17-year-olds declined on these items. Hie decline. 

for 13-year-olds is very close to significance at the .05 level 

<p <,06) and perhaps stould be viewed as a debline (Table 3), 



TABLE 3. Changes in Average Performance on Mathematics 
Understanding Items Assessed in 1973 and 1978 



Number • Change in 
of Average Performance Average 
Items 1973 1978 Performance 

Age 13 12 ^ 52% 50% -2% 

i 

Age 17 X3 62% 58X -43* 

^- ^ ^— 

^Change is significant at the .OS level. 
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Mathematical Appltcation ' ^ ^ . 

MatliematJ^cal^ application Involves the us^^f tnatheWtlcal la»w- /. 
ledge, sk^ld^at^ unci&rstandijig to solv^ ptoblen©/ Prftb^^em solving 
^requires Jb^gtaent—^thje^llity to determine which facts/ algorithias 
or ui^lef^tandlngs are relev£Ml(~ds'^V^ll as th^ ability-, to apply the 
ne^^ processes, «^ * - j- -v ,- ^ *' 

■ . ■ ' ^ \ , r • s • _ . \ ' - ■ •': 

Major emphasis ii^^ the application itpn® was on solving typical 
tiexthook Wflird or story |)roblems« Soiae of these probli^s: . Involve the 
use of geometry 9 laeasurementt prolfabillty. ai»i ^^'1^ 
aiKi tables, ■ A siaall number pf problems were el>asslfled as ^'non- ; 
routlne^^V^^Ql^ that stu4ents s^st ^ikely would tH>t have encountered 
similar problems In^ mathematics textbodks .and would hetv^ to so^veN^hem 
without benefit of prior experience with siipllar problems, \ 

' ^ « . . > " ' ^ ''''No-, 

^. ■ ' \ . . ' - . , ^ ^ ■ . . ' ^^J,'^ ^ 

All three age groups showed significant average declines on th^- 
applications items (Table A") , JJine^ and 13^ear«<>lds tei^pottdi^* to a 
relatively ^ma^*l)^llmber of items, so.re^ult)s for them'slk^uld to inter- 
preted with some \caut ion.- ; ^ \ 



TABLE 4, Changes in Average' Performance on.Hat^ematibs Appli-f 
^ , cations^tems Assessed in 1973 and 1978 





Number 
* I " of 
Items 


Avi^age 
1973' 


> • 

Performance 
1978 


Change^^n 
Average 
; Performance 


Age 9 


9 


38% 


32% 




Age 13 






- 38% 




Age 17 


■ 25 

' ■ . . y s '■— 


33% 




-42* 

t 



^Change ie aignifipont at i^he ,05 levels 
f Figures do not total beaaiise of rounding. 

Changes in Whole Number Arithmetic and Ninnber Properties 

Several items measured stu()^efits' ability in whole number arith- 
metic and grasp of number properties across the knowledge, skill, unde 
standing, and application levels* 

Nine-year-olds' performance did not change on two items requiring 
them to write and order whole numbers Approximately 88 percent in 
each assessment correctly wrote "five hundred twenty-two" in numerical 
form after>^ seeing and hearing it in the verbal form^ About 85 percent 
correctly ordejped 4 tVo-digit numbers, several of which contained the 
sasBe digits in different places* Thirteen-year-olds were even more 
successful on this task — around 96 percent of them correctly ordered 
the four numbers In each assessment. ^ 
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. .Nifie-year-<olds ' performance also did not change on several iteais 
deal i|ig* with aumber theory and the properties of numbers. Around 70 
percent in each assessment could list two even numbers and two odd 
"Sumbersw . Abou^ 60 percent knew that a number piltiplied by one equals 
j.tself and i^ou^ ftilf imew that a number divided by one equals itself. 

^Fijgure'i on the next page slujws «kill levels in 1973 and 1978 
on yafibus whole numtser computational tasks.' On the first it^ ("What 
is the stM of 21 and 54?"), which does not require regrouping (carry- 
ins)» approximately three-quarters of the 9-year-oIds and Just over < 
four-fifths of the 13-year-<)lds were successful in<L978. Nine-year- 
olds improved between 1973 'and 1978 while l3-year-olds declined. Nine-, 
. 13-,<^nd 17-y4ar-olds* abilities to add the column of numbers with 
t^rouping did not change appreciably over the fiye-year period. On 
the subtraction item, which required students to regroup (borrow) 
tviqd^ performance of 9- and 13-year olds did not change, but that 
of 17-year-olds dropped by 4 percentage points^ Ability to solve the 
pimple multiplication i^i6m remained constant for 'all three age groupa; 
however, 17-year^lds declined 'in ^ir ability to solve the more conr- 
plex multiplication it'en. Skill in answering a simple long division 
^efcise stmyed about the same for both groups oi teenagers, with 71 percent of 
the 13-year-olds and 85 percent of the 17-year*-olds answering correctly in 1978. 

V Oiv thfese examples, thewl^le ndtaber computational skills of 9- and 13- 
year-k>lds appear to have remained relat^ively stal^e. Seventeen-year-olds ' 
^y have lost soma ground in their skills with more complex- Computations . 

) ■ . . 

Understanding of number theory and the properties of numbers and 
operations were also assessed. Nearly 60 pjercent of the 13-year-olds 
and 75 percent o'f the 17*year-olds in each assessi^nt identified a 
general algeljraic expression for an odd number. Apprbximately 70 • 
percent of the 9-year-olds in each assessment understood that if ^ \ 
aXb - 84, then b X a also equals 84, an example of the commutative 
property of multiplication. Performance dropped on two items concern- 
ing number relationships. As seen in Figure 2, fewer 13- and 17-year- 
olds in 1978 than in 1973 realized that -the relationships ;of the two 
variables given could not be* determined. In a problem' dealing with 
the transitive property of the relation "older than," 50 percent of' ^ 
the 9-year-ol4*, 72 percent of the 13-year-olds, and 81 percent of the 
17-year-olds chose the right answer in 1978, declines of 5, 10 and 5 
percentage points, respectively. Understanding that the associative 
property — for example, (a + b) + c = a + (b + c) — applies' * 
to addition and multiplication buf not to subtraction or division al^o 
decreased for the- teenaged groups. Id 1978, 48 percent at age 13 and 
64 percent at age 17 demonstrated this imderstanding, representing 
"declines of 11 percent for 13-year-old^ ahd 10 percent for 17-year- 
olds. • ' • X ■ 
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FIGURE 1. Percentages pf Correct Response on Whole Number Com^ 
putation iCems'*— 1973 and 1978, Ages 9, 13 ^nd 17 



Fmtfta of Corrtcf Rt^mttf 



10 20 M 40 50 SO 70 80 90 

— f I I I • I i 



Wwi tft the sura of 
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71 
75 
♦92^ 



Subtract 237 from 
S04. ^ 



Muftipty 2 digtt number 
by l-d^git number - . 
wHh ref^ouping. 



HuHiply: 
671 



DtVttto: 

number divided 
by a i-f^X number. 
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Nrformanoi in 1973 



NrfomumGi of 13 yw-Oidi - 197t 



(NAEP; 197?) 
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SIGURfi 2« PetCjftntages of Corr^e^t^ R^^ponses on Iteia Ak>ut ^RelJ^tlon- 
ships of ^Variables Assessed ±n 1973 and ^978 



d 



Jf a >'5 and B > 5, then 

O ^a equals' b. 

a is greater than b. . 

b Is 'greater than a. ^ * 

there is not eiu^ugh information to^ 
determine the relation betveen a and b. • - 

I'^on't kiK>w. • • ^ - * 

.Percent Correct 





« 


1?73 , 


1978 


, Change 




Age 13 


67% 


' 57% 


. 7lO%* 




Age 17 


83% 


^ • 762 


- 7t* 



^Change ia aignifipant at t)m\ds lei>et. 



Whole-triinnber cptnputation is ^an important part of much proltL^in 
solving* In the simplest .single^step problems, only one arithmetic 
operation Is applied to the problem. / . * 



^^i^xfe 3 displays. 9- and. 13-year-olds^- perfokipance , • 
on fbur single-step word problems • Results for 9-year-olds declined 
on the easier subjtractlon task but tended to improve on the inore 
difficult problem, which requitiSd subtraction o^ a three-digit number 
from 3 three-digit number. Thirteen-year-olds w^e considerably 'mo re 
proficient than 9-year-6ids on the .same subtraictiSn problem; their ^ 
percentage success also ^tended to improve. *ftie nuaibe|-s in the 
subtraction word problem given to both 9- and 13-year-old8 were alsp 
presented as a strictly computational Item. Approximately 50 percent 
of the 9-year-olds in 1978 subtracted correctly on the coiftputational 
item, compared with 38 percent correctly answering the word problem. 
The difference for- A3-year -olds was much snj^pller, with 85 percent 
correctly solving t^e^ computational Item ai\d 82 'percent,^ the word 
problem. - As sfeen in Figure 2, 9-year'-olds* abilities on the word 
problems ,that require^ multipllcatii3n and division declined rather ■ 
sharply. , . - , 




FI6DBE 3. 



Wofd prabltins ftt^ring: 

Subtraetiton of ■ 2 -digit number 

from I Z'digit min^wr — ne regrotoainQ. 



Stfttr«ciiaii of a 3-digit mm^ier 
' from a i-dt^i nwnter witli 
Htgroupin||. 



Multiplieatten of a 2-disit number 
by a 1-<iig>t number - iwJtti 
rsg^upii^. 



Oivition of a 2-digit niirnber 
by a 1 -diQit number - Mrith no 
remainder. 



♦4 

+3 



-18* 



.12* 



Percentages of Correct Ses^fise On SinglS-'Step 
Word Problems — 1973 and 1978, Ages 9 and '13 
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^tmUaiWs difference is sJfnfficent at the .05 ler^, 
Kayi 
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Multistep problems require xwre than one opel^atioir for their 
TOlution. Most of these were ^ministered only to 17-year-olds » 
The problem shown in Figure 4 can be solved first by dividing to 
find the nusd>er of five-minute intervals In an Iwur and then multi- 
4 plying the number obtained by eight kilbmeters* Seventeen-year- 
olds' performance dropped considerably on this item. 

. FIGURE 4. Percentages of Correct Responses on Ffulti- 
% step Problem Assessed In i97y and 1978 



A car traveled eight kilometers in five minutes. At this 
speed, how many KILOMETER could it travel in one hour? 



Age 13 
Age 17 



Answer "(gS km) 



Percent Correct 
1973 1978 



31% 
65% 



28% 
56% 



Chaxige 
- 3% 



^Change is eignificant at the ,05 level. 
fFigwf'es do not total because of rounding^^ 



Changes in Ability to Use Fractions ^ Decimals, and Percents 

Several NAEP items me^ured knowledge, skillSf understanditig and 
abilities for rational nun^r arithmetic — work with fractions, deci^ 
mals, and percents. 

Items requiring the ordering of fractions and decimals 
seemed more difficult for teenagers in 1978 than in the previous 
survey. In 1978^ 52 percent of the 13-year-old^ axid 81 percent of 
the 17-yearHDlds correctly selected a comrron proper fraction falling 
between two given common proper fractions. Performahce on this item 
dropped from the 1973 assessment — 6 percentage points for 13-year- 
olds and 4 percentage points for . 17--year^lds. Relatively few 
13-'year-olds in either assessment — about 15 percent — identified a ^ 
decimal number falling between two given decimal numbers. Forty- 
six percetft of the 17-year-olds wei^ successful at this task in 
1978, a decline of 7 ^percentage points from the prevloils assessment. 



er|c 
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When asked 'Vhat does 2/3 of 9 equal?", results declined 
^i^reciably from 1973 to 1978. Eighteen percent of the 9'-year-*old8 
could correctly compute the answer in 1973, but in 1978 only 13 
percent could give the correct gnawer. For 13-year-olds the per- 
cent giving the correct answer decline from 56 percent to 49 
percent; for 17-year-old6 th^ decline wqs frc^ 81 percent to 73 
I^r^ent • ' * ' 

« ' • 

The ttteiDs n^asurlng translation between forms of Biathematical 
esq^reasion proved difficult for 9--year-olds» ^Thirteen-year-olds 
s^v^ some Improven^nt on these items over the five-year period « 
Figure 5 presents an item .requiring translation from a 4>ictorial 
to a numerical form. Performance improv'ed substantially 
between ages 9 and 13. While the percentage of 9-year-olds giving 
a correct resiK>nse did not change between assessn^nts, the percen- 
tage of 13-yeai;-olds answering correctly increase by 5 percentage 
poi^nts. 



r 



FIGURE 5. Percentages of Correct Responses on Items Requiring 
Translation Aasai^sed in 1973'and 1978 



What fractional part of this fi^re is shaded? 




♦ % 



Answer (1/3 or A/12) 



Age 9 
Age 13 



Percent Correct 
1973 . 1978 



19% 
76% 



82% 



*Change is signifioant , at the .OS lev&l, 
f Figures da not tQtat beaccuse of rounding. 



Change 

' 1% 
5%*+ 
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Similar results appear^ on another item asking for translation 
of a fraction from a pictorial to a numerical form, n^rformance of 
, d-^year^lds did not change appreciably on this Item, with approxi- 
mately 11 percent in each assessiMnt- answering correctly, i^hlle 
performance df 13-year-olds improved 8 percentage points, with 71 
percent answering correctly In 197 8 • About one-fifth of the 13-- 
ye^r-olds in 1978, a decline of 4 , percentage points from 1973V deter- 
mined the fractional part of the circle that is sh^ed in the follow^ 
ing drawing: * . 




The following problem required 13-* and 17-year-olds to trans- 
late a verbal expression ii^to a* symbolic one. About 17 percent at 
age 13 and about 46 p^rc^nt at age 17 completed the translation * 
successfully in each assessment* 



Carol eopn&d D dolloPB during ike week^ She spent C 
doltare for clothes and.F dollars fpr ^ food. Write an 
expression using D, C and F that ah^m tke nwuber of 
dollars she had left. ' . . . 

Answer D"(OhF) or D^C-F 

^ Fevfer 17-year-olds In 1978 were aware that percent represents 
a number out of lOO.g Sixty-eight percent In 1978^ 5 percent fewer . 
than in 1973, identified a given percent as a number out of 100. 

m 

Nine-, 13-, and 17-year-olds were asked to add fractional quanti- 
ties of liquids pictured in t^o measuring cups. Students could simply 
visualize the correct answer fronr the picture rather than go through 
the process of adding fractions. About 13 percent of the 9-yfar-olds 
gave the,,4iorrect apswer in each assesstneJit year; the percentage of 
13-year-^lds responding correctly dropped 13 percentage points, from 
69 percent in 1973 to 56 percent in 1978; aod the percentage of 17- 
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year-olds giving the right answer remain^ constant, at approximately 
83 percent in each asscssiaent. Percentages of success were cpnsider- 
abi^ lower for an item in which the same f rActiona pictured in the 
item discuss^ above were presented as an addition skill item and 
were not pictured — 2 percent of the 9-year-olds, 35 percent of the S 
13-year-plds, and 67 percent of, the 17-year-olds added correctly on 
this item. Students typically did betteV on computational skill 
exercises thaa, on word problems using the same numbers. In this 
case, students dl^d oaich better when they could visualize the solu- 
tion-than when the process of adding fractions was needed. 

Seventeen-year-olds respoxKied to a prqblem t^t required them " 
to c&B^ute one-half of a mixed fraction. Their percentage, of 
success dropp^ substantially — from 27 percent to 13 percent— between 
assessments. 

Several one-step word problems dedlt .with percent. About one- 
fifth of the 13-year-old8 and just over half of the 17-year-old8 
solved the following problem: , 

A hodkey t&am^on five of the 20 games it played. 
What percent of the gam&s did it win? 

- Answer (25%) ' 

* 

Seven teen-year -olds* performance decliaed 8- percentage points on this* 
item. j 

When asked to calculate a Certain percent of a given number in a 
word problem, 15 percent at age 13 and 40 percent at age 17 were 
successful in the second assessment; each age group declihed 5 per- 
centage points from its 1^73 performance. Percentages of success 
were similar to tt»se for the previous problem (10 percent at age 13 • 
and 40 percent at -age 17) on an item asking teenagers to figure the 
amount of discount on the price of an item when the percent of dis- 
count was given. Eerformance on this item Improved By 3 percentage 
points for 13-year-olds and did not change appreciably for 17-year- 
olds between assesslSents, Instead of 4hjltiplyi9g, about 15 percent 
.of the 13-year-olds' in 1978, subtracted the percent of discount 
from the original price, and another 15 percent divided the price 
by tTje percent. 

Several multistep problems involved the use of percjjsnt. Just 
over one-fourth of the 17-year-olds in each assessment correctly 
calculated"^ the depreciated value of an object when given the percent 
of depreciation and the original price. "Very few 17 -year-olds 
{about 5 percent in e^ch assessment) successfully determined the ». 
original price of an object when the sale price of the object aiui 
the percent off were given. «> 

About 10 percent of the 17-year-olds in both 1973 and 1978 solved 
a problem concerning a taxi fare, in which a base price and additional 
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Increments were given for fractions of a mile traveled and tte 
distance traveled wa^ expressed in decimals. 



Ch^iges on Measurement" Itenffir, Graphs » and 'Tables > •. ^ 

Measyreit^nt is another basic and essential use of mathematics. 
Severel itei^ for 9-year-?olds dealt *<vith making measuresi^nts. One ^ 
Item asked 9-year-olds to mark on a clock: face a time that is ^ 
hour and iX) minutes later th^n that sltown on another clock. Approx- 
imately 45 percent of the 9-year-olds 'drew the correct tijne in each^ 
assessi^nt. *V - 

' • • * 

Nine-year-olds were asked several questions dealing with . 
lasasureo^nt of tiiae. Atwut one-th^rd of the 9-year-olds in each 
assesstaent accurately gave- the length of time between two stated 
times y when they could simply subtract the times and regrouping 
w^s not ijecessary. However, they declined 14 percentage points, 
from 43 percent to 2^ percent » in ability to ^ive a *ime eight 
hours later than a stated time. .This is a more complicated problem 
since the time peiriod went past 12;D6 a.m. ; students could not 
simply add the hours to the origiAsl timfe. 

• 

in another measurement i5roblem, 9-- at^ 13-^ear-olds used a 
Bcale drawing and a ruler to deterniine the distance between two 
places. About one-quarter of the 9-yedr--olds and two-thirds of 
the 13-year-olds ^ave the correct distance, a decline of 5 percen- 
tage ik>ints at each age from 1973.,' Seven teen-year-*olds also 
answered a question about distance repr^ented on a scale drawing. 
Forty-two percent in 1978 found the correct distance, a decline of 
percentage points from 1J973. « ^ 

Approximately 35 percent of the. 9-year-olds correctly estimated 
^e length of a given line segment in inches, a decline of 5 percen- 
tage points from the first assessment. 
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Changes in knowledge of. measurement may reflect a shift toward 
greater emphasis on the metric s'ystem in the schools^ curricula. 
As seen in Figure 6, knowledge of English unit relationships 
declined for all ♦Aree ages, although the overall decline was not 
as pronounced for the 17-year-olds. On severa^l items dealing with 
the metric system of measurement, 13- and 17-year-olds showed sub- 
stantial improvements between 1973 and 1978. Sixty-three percent 
of the 13-year-olds in. 1978, compared with 37 percent in 1973, 
correctly identified a kilometer as the largest qnit in a list of 
metric units, an improvement of 26 percentage points. Sixty-nine 
percent of the 17-year -^Ids completed this task correctly, an 
improvettent of 15 percei^tage points from 1973. "^n another metric 
exercise, in whXch 17-ye^r-olds were asked to name the English unit 
mdst nearly eqfiivalent to a metric unit, performance improved by 12 
percentage .points, to 71 \percent in the second assessment. 
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FIGURE 6* Percentages of Correct Resjwnses on Measurement 
It€^ Assessed in 1973 aiKi 1978 



Percent Correct 



A« Which is longer? 
2 feet • 
1 yard** \ ^ 
I don't know. 



Which is heavier? 
17 ounces** 
1 pound ^. . . 

1 don't know* 

Which holds more water^ 
3 pints 

2 quarts** 

I don't know. 



A A A 

Age 


1 07^ 


■1.7/ O 


unange 


-9 
13 

1 7 


83% 
94% 


79% 
93% 


- 4%* . 

- 1% 


9 
13 

17* 


36% 
72% 

. 86% . 


29% 

63% 
84% 


- 7%* 
, -10%* t 
2% 


9 
13 
17 


92%^ 

95% N 


81% 
91% 
93% 


- 3% 

- 1% 

. - 2%* 
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Many of the Iterts assessing measurement skills for HwUsgers 
concerned conversions between English units, Seventeen-year-ol^Sf 
showed substantial Veclines on these items; 13-year-s5lds ' perfoi:ii^^e 
also tended to d r op V although their declines often are not dtatid^i 
tically significant figure 7)/. It j^s possible that this skill i* "j^-y 
receiving less emphasis than previously in the school's, and metric v 
UTtits are receiving nwre attention- . , 



FIGURE 7. Percentages of Correct Responses and Changes in 
Percentages on Measurement Conversion Items 
' Assessed in 1978 



X Inches »= how, marry feet? 
X pounds « how many ounces? 
X gallons * how many pints? 
* feet " how many yards? 
Add pounds arid ounces 



Age 


13 


Age 17 


■ Percent Correct 


Percent Correct 


1978 


Change 


1978 


Change 


60% 








33% 


-1^* 


56% 


-10%* 


41% 


- 3% 


49% 


-14%* 


43%, 


- 3% 


59% 


- 8%* 


52% 


" 4% 


70% 


- 8%* 



^Change is significant at the .05 level. 
**Correct: answer 

f Figures do not total because of rounding 
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IBraphs . Plotting jpoints and t^orklng with graphs of equations proved 
difficult for taost teenagers. Performance did not change appre- 
ciably between assessments. Approximately 20 percent of the 13- 
year-K3lds success f^ly plotted the point (3,2) on a graph. At 
• aga^l7, about 20 percent correctly graphs the equation y - 2x+l, 
Approxis^tely 15 percent of the 17-year-olds determined the slope 
of the line 2y - 5x - 8, and about 12 percent gave the y-intercept 
of. this line. Five percent of them determine the equation of a 
line when the x- and y-intercepts were given, and 3 percent gave 
the equatioja for a circle with -the center located at the origin. 

Seventeen-year^-olds resfN^nded to several iteisis demai^lng 
interpretation of information^ presented in graphs. Forty-four 
percent of them successfully deiennined the period of greatest 
profit from a graph displaying separate IjUies for Income and . 
expenses, a decline of 7 percentage points from 1973. Performance 
did x»t change on tm> items that asked students to use a graf^ 
^ exhibiting performance of Several cars, in which speed is onfe 
^axis, tia^ the other; and the cars' speeds at given tia^s >aVe 
plotted as curves. V' » 
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ables . Quantitative info rmat^on^is of ten pre'sented in graphs or in 
tabular form, ami It is important that students know hotr to read 
information presented in this way. Nearly half the 13-year-K>14s 
ojrrectly used a table to find proper 'Amounts of sales tax"* for 
various amounts — only slight decline fi^om the* jfrevious asgess-^ 
ment. Between 75 and 80 percent of the J 7 -year-olds used the^ 
table correctly on these problems, declining ateut 4 percentage * 
points from 1973. * . • 

Thirteen-year-olds improved in their ^ability to read an alV 
mileage chart — 58 percent did so, suonjass fully in 1978, an increase 
oT 6 percentage points. Seventeeh-year-K>lds' performance' did not 
change appreciably, with about 65 percent of theja using the, chart 
correctly. \ 

. ♦ > 

Charts and tables can also, be used to solvfe problems. About 
one-fourth of the 13-year-olds ^^nd one-half of the 17-year-olds 
found the nutritive values of cergain foods listed "'on a chart and ^ 
then emplcPfe(J that information in calculating jiutritive values o*f 
a meal. Both teenaged groups decli^ied on this item, with i3-year- 
olds dropping 8 percentage points and IZ-year-olds dropping 6* 
.About 10 percent at age 17 in each assessment correctly used a 
tafele — ^showing automobile injuriela,' pedestrian Injuries, and total 
^iyimber of injuries for different groups— to determine which group 
had the highest number of pedest;rian. injuries per total Injuries. 



Chaises ±n Algebra , ^ 

Skills In manipulatlhg algebraic aymbQls Include simplifying 
eKpressions, solving equations and inequalities, plotting points 
and grdl!phing equations* Slightly more than one«~£ifth of the 
year-olds and just over half of the 17-*year«*olds in each assesso^nt 
select^ the equivalent e:spression for a/b • c/d (?igure 8) « Both 
13-- and 17-year-old8 dedinea in their ability to Bsultiply 1/3 X a/2. 
Relatively few 13-year-olds il3 perceht in 1973; dropping to 10 
percent in 1978) correctly completed this task in either year; hbw^ 
ever, the percentage correct for 17-year-oldjB dropped rather sharply ^ 
from 54 to 39 percent. Twenty^six percent of the 17-year-olds in 
1978 correctly Miltiplied the bltwmial factors of a quadratic 
expression, a decline of 7 percentage ^ints from 1973. Around one- 
fifth of the X7-year-olds in each assessment successfully gave, the 
binomial factors for a simple quadratic^ of the form + bx + c. 



FIGURE 8. Percentages of Correct Responses on Item About 
^ Algebraic Expressions Assessed in 1973 and 1978 



' If a/^ c/d,' then which one of 'the following stateioents , 
is TRUE? 



O a/d ■= b/ c 

..CD .c/b " a/d 

^"<b a.X c «= k X d 

- - m af X" d.- b X c ^ ''^ 



I don 



*t know- * • A ^0 #»\*' \ 



• • * 1^73.* % 1978 Cljkng4 



Age 13 * ^ 24r- \^i-.H% ^. : - 3% 

Age 17 \ . • • 52% - IX 



• 



„ equat Ions . Seven 



lS|?lays; J.7--y0ar7oI4s'^pro'f ici^nCV in;solving several 
enteeri^VeatAylds^ ^slTlllli ^In ^rea appear to 



decline* . •• ^ ^ , .7 ^ 
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TABLE'5. Percentages of Correct Responses and Changes In Percentages 
on*IteiB8 Involving Equations," Age 17 ; i 



Age 17 





1978 




Find missing numerator In 




^hange 


equivalent fraction- 


72% 


-10%* 


What value of «3C satisfies 






3x + 6 14 « X + 2? t 


• 


-3% 


Find solution set of 






x2 « 5x + 6 - 0. 


18% 


- 2% 


Solve for x and y in a 






system of linear equations* 


^12% 


- 6%* 



^dhange is signifiaant at the .OS level* 



Changes inu,Geometry 

^ Relatively few itepi^ measured ability ^o recognize geometric. 
;figure&; changes oti the^ lt«ms generally Were slight*' Recogmitipn 
• of n^Bies of solids Inqreased* cons Id ferahly from ages 9 to ip to 17; 
at all tt\ree a^tp» mote sKid'ents/tecognlzed a rectangular sol^d^ 
than a fi|;ihere c\jr a cylinder. - . - . 

^ Several items assessed upders€anding^lE geometrld principles « 
In. bdth assessments, abbut tWo-tMrds of |he ^-year^lds were aware 

*that ;if one side bf a stjuar'e 'a certain len^h, an adjoining side^^ 
haa to be the ^'^e lengtlp.^ Giyen the following ^|gure 
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ai^ £Bl,d that Itl^^a aquare separated intd \alves^ by a line *pa rail el 
to the base, dbout a thi^^ of t:he 13-year'-^lds and'^j'ost av«^ ^tio-f^f^h 
of the 17-year-rolds correctly gavp the lengt^i cff* line segment *XY (2 . , . 
inches). Vhile peiybrpiaifce bf ' 13-yeat-oias liid not e^hatigci thrft.of ^ 
ly^year-olds dtqpp^ 9 pefcent^ge poiats,. - About 30 percent of *tbe' 
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13-year-olds aiKi 19 percent of the 17-year-olds in 1978 gave 4 incites 
a9 the length of XY, perhaps an indication that they either did. not 
read the question very carefully or did not realise that the term . 
line segment XY goes not refer to the entire side of the square. 

Approximately half the 13-year^lds in both 1973' ax^ 1978 
^rrectXy Identified the line sego^nt in a Circle that is twice 
as long as the radius. Many 13-year-olds apparently did no£ 
realize that such a line must go through the center <>f\a circle. 
Performance of 17-year-old8 declined on this "Question, from 77 
percent In 1973 to 73 percent in 1978. 

Seventeen-year-ol<is h^d difficulty with se>^ral problems 
- requiring the application of geometric concepts. Nearly 20 percent 
in both 1973 oxA 1978 solved a problem involving use of the Pytha- 
gorean theorem to find the missing side of a triangle. On another 
probl^m<^ the percentage correctly using the proportionality of- sim- 
ilar triangles to find the missing side of a triangle dropped ^f rom 
10 percent to 6 percent. 

Seventeen-year-olds were asked to determine the circumference 
of the folleWing circle with center 0: 



• f 



• ^ - 
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J Twenty percent of them ccrrectly answered 72 inches^ a drop, of 

\' - . • ^ 7 'percentage points from 1973. They so were asked to figure the 

* .number of cubic feet of concrete needed to fill an area measuring | 
" 30 feet X 20 feet x '4 inches. Nine percent were successful in 1978,^ * 
. compared with 13k percent -in the previous' assessnjent . Nearly one- 

» fourth of the 17-year-olds in each assessment simply multiplied all 
the numbers together, neglecting to convert the numbers to the same* ^ 
units.: ' * * v ' ' , ^ 
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Changes in Probability and Statistics , ^ 

Seventeen--year-olds respond^ to several problems concerning 
probablXity and statistics, ^uccess was fairly low on an item 
involving combinations (5 peraent or less) ar^ on another item 
involving coin-tossing probabilities (an improvement from ^ percent 
to 5 percent) . Figure 9 shows two other items — one concerned with 
pi^bability €£nd the other with combinations —on which performance 
dropped about 5 percentage points. A^drop of 5 percentage ^ints--^ 
18 percent to 13 percent---was also seen in 17--year-oldtf ' abilityi to 
calculate a weighted average. 



FIGURE 9. Percentages of Correct Responses on Itesos Involving 
Probability and Combinations Assessed in 1973 and 
1978, Age 17 



2, 3. A, 4. 5, 6. 8, 8. 9. 10 

' fov a party game each number shewn above was painted on a 
different Ping-Pong bail ^' and i^e balls were thoroughly 
miped lep in a bowl. * If a ball is picked from the bowl by 
a blindfolded person^ what is the probability that the 
ball will have a 4 on it? 



Answer (1/5) 

Percent Correct 
^ 1973 1978 Change ' 

• • - ' • ^* 

Age 17 40% 35^ * - 5%* 



A Qombination" look on a tmnk has thvee dials, one showing 
ail 26 lettSsrs of the alphabet and the other two showing 
the 10 digits 0 to 9, Assuming that a aombination uses a 
setting on ail three dials, howfnany different cQmbina- 
tvQrns are possible? 

Answer ' (2,600) 

v' 

• Percent Correct 
19^3 , 1978 » Change 

Age 17 ' 20Z 15% , - 5%* 



*Change is signifiaant at the .05 level. 
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Treiyls in Mathematics Actfi^vement from the California 
Assessment Program; Grade S4k* ~ 



the ^tirvey of Basic Skills: Grade 6 was dexreloped specifically 

* to assess the students' attainment of mathematics^ skills taught 
through the sixth grade level in most California sch9ols. The 1^0 
questions on the Survey vere designed to assess students* skills ^n 
the areas of arithmetic, geometry,' me^urement, probability en* 
statistics. Figure .10 illustrates the emphasis placed on 

each skill area, in the total test. In -the figure the skill area of 
arl timet ic is subdivided , into number concepfrs, whole numbers, frac* 
.tions, smd decimals. The emphasis on each area in the test is 
consistent .with the general mathematics curriculum of*' most California 
schools ^and the recommendations ip. Mathematics Framework, fot; , 

* California l^lic Schools. ' , ^ 




Anthmeiic 




FIGURfe 10 • Skill area 'emphases in. the Survey of Basic t 
Skills: ^rade 6 , , . ' ' . . . " ^ 



( V 

' *Reproduced (with few changes) from Student Achievement it^ Calif OTHia^ " 
Sr f>nols,M 979-79 ^nual Report , pages 86-93. . 
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Mathematics Scorea for Grade Six 

. : : ■ . • ■ ■ ■"I. 

Table 6 contains the sixth grade Survey results for 1975-76 
thrbugh 1978-79. the, last ^hree columns of .the table show the 
changes 1m scores over the sai^ period. . ^ 

<• . ' 

TA^E 6. Mathematics Scores of California Sixth Grade Students on«^ the 
Survey of Basic Skills; . Grade 6 



^i«n«i , 

V 


4labcr of 


,M«tst* p«rc«iit eerraet 






t 


1975-76 


1976-77 


1977-78 


1978-79 


19J5-76 
1976-77 


1976-77 
1977*78 


1977- 78 

1978- 79 


r 

NOB, TOTAL 


160 


57.4 


57.7 


58.5 


59.0 


■»0.3^ 
0 


40.8 


40.5 






' 61.0 


. 61.0 " 


61.8 


62.3 


0.0 . 


' 40.8 


•M.S 




28 

• 


65.4 ' 


65.5 


65.6 


65.8* 


40.1 


40.1 


•M>.2 


, Vbol« iiynb«r« 


28 




67:5 


68.0 


68.4-^ 


40.6 


40.5 




rractioofl * 


20 


. 49.6 


4|.0 


30.6* 


51.3 


-0.6 


+1.6 


•KI.7 


* 


^ 20 


56.3 ^ 


57r8 


59 .0 


59.9 


♦1.5 


41.2 


40.9 


CMiiBtrr , 


20 


*58.8 


58.5 * 


•59.3 


59.8 


-0.3 


40.8 


44.^ 




32 


52.1 


53.5 . 


54.4 


55.1 


41.4 


40.9 


40.7 




















rv^bibUUy and 


12 


40.4 


40.9 


'41.6 


41.7 . 


' 40.5 


40.7 . 


40.1 










t 

t 











A more Setalled^ breakdown of skill area results for. the four-year 
^ per*BS^|ppears in Figur? 11. The following overall conclusions are 
appareifit from the data in Table 6 and Figure \\. 



• The overall matjiematics scores Improved consistently 
over the -f our-y%'ar period.. 

• Over the four-^year period, studerits registered the 
greatest galas in the skill area of decimals i^ 
general* and decimal computation in part;iculary The 
area of measurement and gjraphs is the area in which 
students showed the next greatest gains. The scores 

, for khowlidge of facts and applications of .measure- 
ment also increased. ^ # 

• Scores in the'^kill of number properties slK>wed a 
continuous and signlfic^ant declinfe over the four- 
year period. In all skill arenas except the ones 
mentioned above, studclits showed small but consis- 
tent gains over the jwclod x)f four years. 
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•FIGURE 11. Graphic Representations of Average Mathematics Scores and Changes In Scores on 
the Sur-oeif of Basia. Skills; Grade B, 1975-76 through 1978-79 
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Ahalysis and Interpretation of Skill Area Results 

As in previous -years, the Mathematics Assessment Advisory 
Conaalttee conducted an in-depth review of the mathematics results, 
by skilX area. The committee members judged th*e adequacy of student 
performance in light of the difficulty of the questions, this rela-^ 
tive emphasis on each skill in a typical classroom, and changes fh 
student performance over a period of four- years, i 

Arithmetic . The arithmetic portion of the Survey consists of 
a total of 96 questions in four skill areas — numbex concepts, who^e 
numbers, fractions, airai decimals. There was* an overall ^.ncrease of 
0.5 percent correct in^rithmetic from 1977-78 to 1978-79. 

In^l978-ir^ student performance in arithmetic showed an increase 
in seven skill areas, and a decrease in two (pi»nber properties had k 
decrease of 1.2 percent correct, and whole number applications had a 
decrease of 0.1* percent correct). Hie most dramatic increase over 
the last four years was in decimal computation, in which sixth grade 
students registered an increase of 5.0 percent correct. Corres^ 
pondingly, the nK>st dramatic decrease ovet the las|: four years was 
in number properties. • ' ^ 

In the opinion of the advisory committee, the continued decline 
in the nuthber properties skill is due to a decrease in the emphasis 
on these Concepts in newly adopted* textbooks and oy cla^sroom 
teachers. Hie coixaaittee members indicated a need to emphasize number 
properties to improve students* imderstanding of mathematics concepts. 
Example A is illustrative of the distributive prdperty skill that 
the committee* believes needs more emphasis in the classroom. 

* ' • • • 

Example A . 



Select the^rrect name for the missiag number: 







3 X 26 = 


(3 X a) + (3 X 6) 


1975-76 


40.9 


(19) 


O 


2 ^ • 


• •> 


1976-77 


37.8 


(12) 


O 


6 


• «» 


1977-78 


36.5 


(34) 




20 




1978-79 


33.9 


(14) 


o> 


26 








(21) 


o 


None of 


these • 







Percent Corredt 



In whole number computation the advisory coiranittee judged that 
scores were good when the testing began in 1974-75 and that these 
scores have been increasing significantly each year. The committee 
also noted that although computation with fractions and decimals 
has Improved, the scores are still low. In particular, division 
of decimals was identified ;;s a skill needing more attention. 
Example B is illustrative of this type of item. 
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Example B 
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75 f 2.5 



(50) O 

(18) O 3 
(29) 30 

( 3) O300 



.3 



Percent Correct 



197^-76 

1976- 77 

1977- 78 

1978- 79 



26.3 
28.1 
28.8 
28.5^ 



Altl»ugh student performance has improved on application items over 
the fourr-year period (significantly for decimal applications), the • 
aivisory consnittee determined that in general this area still needs 
more instructional emphasis. , • 

Geometry . The geometry portion of the Survey consists of 20 
questions. The average percent correct in the major skill area of , 
geometry increased 0.5 percent correct from 1977-78 to 1978-79. 
Students intfreased their average pefrcent correct in six of eight 
questions 'copcerning knowledge of facts; the- average percent 
correct remained the sam«A on one question and decreased on the 
other. On the g'eora&tric applications students increased their 
average perce^nt correct in eight of 12 questions and decreased 
their average percent correct on the other four. 

• * 

The Increase in geometry scores was almost equally^ divided 
between kibwledge of geometric facts (+0,5) and geometric applications 
(+0*6) as bpposed to the previous year, when most of the increase in 
gaometry'was attributed to gains in knowledge of facts (+1.3). 
Example C is representative of the test items on which scores have 
increased. # 

Example .C ^ 



Which of the following figures is divided 
by a line of symmetry? 




( 4) O 




(63) 




Percent Correct 



1975- 76 

1976- 77 

1977- 78 

1978- 79 



54% 4 
57.0 
60.7 
62.4 



59 
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The scores In the geometry section seem to indicate that teachers 
have been placing greater emphasis on informal geometry over the 
past two years* ' . . 

In the judgment of the advisor/ committee, greater attention 
needs to be given to formalizing informfl^l geometric concepts, with 
emphasis on usiiig the appropriate vocabulary to demonstrate an 
ui^erdtanding of these geometric concepts. In particular, students 
need increased instruction in identifying common geon^tric ^figures 
attd in describing their parts. 

Measurement aild graphs . The Survey includes 32 items in the 
area of measurement and grapjis. Fourteen are recall or computation 
items requiring students to demonstrate an ability to estimate; 
convert ode unit to another; and' perform arithmetic operations 
r-elated to length, ^mass, volume, and time. The remaining 18 items 
are word problems dealing' with reading and interpretation of graphs 
(11 items) and measurement of l^ngt]^, are^, mass, volume, and time 
(seven items) . » ' 

In thp overall major skill area of Measurement and graphs^ 
students^ scores shoWed an increase of 0.7 percent correct from 
1977-78 , to 1978-79. Of the 32 items in measurement and graphs,, 
student' scores increased on ten of the 14 items involving know- 
ledge of facts and ojQ 17 of the 18 application items. 

In the judgment of the advisory committee, the continued 
Improvement in this major skill area 'reflects the increase in 
instructional emphasis in Cal'lfornia ccassr corns. The committee 
noted that students seem to have difficulty distingnishii^ between 
the concepts of perimeter and area. ^For example, when given a 
problem to coxfi|>ute the area a squar^, studeitts n»st frequently 
selecte4, the jSres^nse that was the perimeter. Example D-ls illus- 
trative of this type of item. 

ft 

Example D 
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A side of the square is 3 cm» What 
is the area of 'the square? 

^18) CZ> 3 square cm 

(11) O 6 square cm 

(22) flP 9 square cm 

(/49) ci> 12 square cm 



Percent Correct 



1975-76 
1^76-77 

1977- 78 

1978- 79 



6^0 



19.9 
20.1 
22.1 
21.6 



f 
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ffofeablllty and statistics . The sixth grade Survey Includes 
12 items on probability and statistics. . Six of the items are re-. 
Iate4 to simple statistical computation or based on an intuitive 
approach to probability. The«other six items require the students 
t9 apply concepts of probability and statistics to solve problans. 

In .the aajor skill area of probability and statistics t the 
overaflloercent colrrect score showed an increase of 0.1 from 1977- ' 
78 to }f^8-79 (41.6 to 41.7). "Seven items showed an inci^ease, and 
five items showed a decrease. 

c 

The »ivlsory c.ommittee continues to believe that< the scores in 
the probability and statistics area are far below what should be ex- 
pected of all students. The lowest scores were found to be on items 
involving simple terminology, such as "average" aiul "mean." Since 
probability and statistical terms are used so frequently in fiyery- 
day l^fe (for example, "chances of rain," ."batting averages, *V "median 
salary"), students' should be aSle to understand and use them^ Ex- 
ffinple E is a typical item using common ptatistical terminology. 



£xample E 



On a inathematics test students obtained 
the following scores: 

/ 68, 75, 80, 86,. 95, 100 

What is the range of th^se scores? 

(12) O 32 

(.5) O 42 • • - 

(19) O ^8 

(26) O 100 

(38) O None of these ' 



Percent Correct 



;975-76 

1976- 77 

1977- 78 
1^78-79 



17.2 
13.7 
12.9 
12.1 



The advisory committee recommended that ipore emphasis b^ plac^ 
on classroom instruction in the application of the. concepts and skills 
in probablli^ty and statistics since these scores are lower than those 
Ion any other section of the mathematics test. 



Summary of the Ck>mmlttee*s Concluslortis and Recommendations ' 

* 

The members of the Mathematics Assessment Advisory Conmittee were 
gratified to observe the increase in the mathematics scores of sixth 
grade students from i977--78 to 1978-79 • The" trend of increasing 
scores in 1978-79 w^s a continuat4.on of the trends noted during the ^ 
previous years. ^ 

The pattern of strengths and weaknesses discerned by the commit- 
tee members in their analysis of the sixth-grade mathematics results is 
summarized in Figure 12, 




FIGURE 12, Mathematics Assesstsent Advisory Conmittee's Judgments of 
Strengths and Weaknesses of sixth-Graoe Students in Math 
on the Basis of Skill -Area Results on the Survey of Baislc 
Skills: Grarfb 6, 197^-79 



Areas of strength 



Areas in need of improvement 

: ^ : ^ ■ > ■ ^ ' 



Computing (+, x, ~ ) whole 
numbers and simple fractions 

ng and subtracting decimals ^ 

common geometric 

shapes ^ 
Reading a sl^le bar graph 



Dividing de9imals and applying 
decimals 

> 

Using formulas, such as those for 
perimeter, area, axid volume 

Understanding mean, median, and 
range and computing probability 
of simple events 
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fretrfs In Mathematics Achievement froo the Callfornl^ ;^ - • 
Assesss^nt Program: Grade Twelve* 

^' 4» • . 

The Survey of Basic Skills; Gra<^e 12 was developed to assess the 
degree to which students have acquired ;*^asic** mathematics skills by 
tHfe eirf of the twelfth grade. A statewide conaaittee compiled objec- 
tives md reviewed questions for inclusiort^ in the test.. The 1^8 
questions on the Survey were%e§ign«J to assess student^* skills in 
the are^ of arithiri^tict algebra, geon^try, measurement at«J graphs, • . 
9Xid probabfiity and' statistids; Figure 13 illustrates the ^ 
emphasis given to each skill area in the total testi In the figure 
the skill a^ea of arithmejtlc is subdivide intp the areas of number* 
concep'^tStL whole nisnbexs, fractloi^, and decimals. 



/ 




■ V 



FIGURE 13. Skill Area Emphases In the Survey of Basic 
' Skills: Grade 12' ' - , 
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★Reproduced (with few changes) from Student Ac hievement In 
California Schools, 1978-79 Annual Report, pp. 93-100. 
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Ha thema tlc;s Scores for Grade Twelve 



Table 7 contains the twelfth grade Survey results foryl97^-76 
through 1978-79. The last three columns 'of the table abov the 
changes in. scores over the sai^ period. ' 

, ■ , ' ■ ,\ •,. 

TABLE 7. Mathematics^c<fres of'Ctllfomia Twelfth. Grade Studepits on 

the Survey of Basic Skills; Grade £2 ^ 
0 . ■ ' 



• J 

JSkill mtmm 

- . 


WiiBbar of 
questioof 

- 


AwBtagc i^recnt eorrccC 




Change 




1975-76 


KD 76-77 


1977-78 


1978-79 


1975- 76 
to 

1976- 77 


1976- M-a?77-78 
to f to - 

1977- 78 1978-79 


mXB. TOTAL 


•195 


67.0 


66.3 


.66.3 


.66.5 


^-0.7 


0.0 


40.2, 


ArlthMtic 


98 


72.9 


72. IJ 


72.2 


72>» 


<f0.8 


•to.i 


40.5 




^ 28 ^ 


74.3 


,3] 


73.6 


73.9 ' 


-0.8 


40.1 


• 




22 


80.1 


90.1 

9 


80.1 


80.6 




, D.O 


40.5 




26 


66.0 


64.5 


64.3 


64.7 ^ 


-1.5 


-0.2 
V/ 


40.4* 




22 




71.2 


72.0 


72.9 


. -0.6 


V 40.8 






32 


62.9 


.62.1 


61.8 


62.1 


-0.1 


-0.3 


40 ^l7^^ 




24 


62.7 


62,1 


61.8 


61.8 


-076 


•0.3 


0.0 

t 


IhMun&eiit asid 


y30 


60.$ 


59.^ 


59.4 


59 .P 


, -1.0 


-0.1 


-0.4 


Staphs 


















Fr<^abilitf Md. 


- 


57.2 


. 56.9 


57.3 


57.4 


If 

-0.3 


40.4 


40.1 


atatiseiea 


























m 











A more"* detailed breakdown pf the skill ar^a results for the 
four^year period is given in Figure 14 • The ftjllowing overall con- 
clusions are apparent from the data in anH Figure 14. 



• The overall mathematics achievement of C^ifomia 
twelfth grade students improved slightly in 1978- 
after declining from 1975-76 to 1976-77 and rema 
iifg constant from 1976^77 to 1977-78. 




From 1975^76 to 1976-7 
skill areas except the 
greatest decline was i 
1976-77 to 1977-78 the 
'areas of fractions, al 
However^ the skill are 
and statistics showed 
Scores improved in all 



7 achievement declined in all 

area of whole numberfj. The 
n the area of f rac t ions . Ffom 
decline continued in the skill 
gebra^ geometry, and measurement, 
as of decimals and pxobability 
gains* In 1978-79, student 
skill areas except two; the 
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If 74-77 If 77-71 



If74^7f 



Student Peffimnaiiee ta kfetnteflmit »8d Iti Skffl Aieii 




I i I f f 

If 75.74 If 74-77 If77.7| If7«^7f 



f44h 
7M>- 
'4i> 
440 

I 
J 

510- 

54 0 

52.0- 

596 

4iO- 

/ 



44.0-{ 
E 44 0^ 

J 42,0- 
400 
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niHwiiii rf«iiii 



f 
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FIGURE 14. Graphic Representations of Average K^thetnatlcs Scores and Changes In Scores 
on the Survey of Baaia SkilU: Grade 12^ 1975-76 through 1978--79^ ^ 
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' scores Itl tteMttrement de^XSoed'i and the scores in 
geometry rema^.ned -.tHef same as in the previous year. 

• 'in 1978-^79 "the largest gains w^'re registered in 
decimal cbii^ufat:ioft.,r follo&ed by wtele niio* com- 
• 1. itwtatlon and number thcQry. ' ' * ^ . ' 



• . . .(',• • 'J - ■ . «■ 

AOiSXysis and tnterpret?at>ldn of SkljbJj Area Resii).tjB^ 



. '* \ 

As In ptrevlous ye4rs .the'^Californls/^Ksth^ipia&ics AssesspieAt . • 
Advisory Cdmmitt^e conidu'cted'an, in-depth revieiir of tHe_'B«t;hematits 
resntes, b^/ skilly area. Ihe cmranittee member^ Wdged. the adequacy' 
of student petform^tice in light 'of tRe. dlf £icul#*^of 'the questl^ms^ 
the ^relative e;nphasis placed on each skill in a tOTlcal classroom, 
'and the changes jlB^'ttid^nt performance 'Over the period of foup 

yearsf " ^ , .:* • ' V • : ' V ' ■ ' . ■ ^ 
' ■ ■ " , ■ . .■ ■ ■ ,' ■ ■ • • ■ 

^' ^rlthihetic . The aritlteetic portion of tlie tesc consisjt9*of/ 
98 iterasrin four, skill acreas-r-ntnnber. c5ncepts, whofe^ 
• tl0ns,' and dej:;liaals . Jhere W4S, an Overall itijcTtase. of *0 JS percei^ . 
C^frect in arithmetic from 1977'-.?8 to 1978-79. - , V \ i . 

' • ' . » . ' * \ ■ . • •* 

• JLn the perio^ 197V78 't^^'1,9 76-79, student per formanc€fl«4Jn ,; • 
'^ar^thmHlc 'increased Uh iail n^'e; subskilis. T3iis is^ the ^^ira t • 
tlmei since the inlt:iai^iadml|tistr*^tion of the current vers ion'»8f 
the Survey in 1975-76, that ^cbres' in arl^imetic subskilis htfye 
vtkiformly improved. * • ; . "» • » v • .• • 

"It wa§ thie. judgment of the . advisory tammit tee* that scoxies. in 
cj^mputation witp whoie numbers' alkl decimals weSre good ,whe^ the •• >, ' 
testing begatt,r|n^ 1974-73 jjnd that they h^^^e impuoyed. nto^ef^i:^ bvefc 
the four-year ^eWo'^* Th^' committee fglfc that tl^ne was still i . 
need for Imptoveii^nt ih/comfutat.idn witia fractlacjfi. Example A' is ^ 
fft illjistf^tion of th^ type o^f^ item on, v?hich,sfores have increase^* 
"from 1975-76: through >9>8-7SL ' V # " • •! •* 



Example A * ' ' 



. .2,-9^9 

.4C 806 • 

r ;■- ' - • - 

C 4)o ,233,274' 
( 02,173,7-54 



t)>,:i74.756 \ 3) * 
223, 754; (88) 



Pe^pent . (^rract^ 

f9t5-76 -'^i.i 
iiH-77 

1977-78 86^4 
^978-79' ' 'a7,.6 



Although 'studeift performance has lne<* ^lightly ''on apj?ll^aJ:lon^^' 
•iterap over the fcKir-y^r period (§t decrine' o*f ClI? percent *torrec;^),- 
the comniittefej^judge^ that the > cor e^^ in^applications iniiolvlng whole 
nuntbers were still good bi^tj ^thc{t the scores on^i{fp I i^l^feion^^ 
Ing fractions and -decimals poifld beMni|>fov«^i V, ' • ' • 



Algebra . In the major skill area of algebra, the scores showed , 
" a siS^ll but significant Increase in 1978-79. On 17 of 32 items the 
percent correct re'sfxsnses exceeded 65 percent. The conanittee is 
encouraged by this report* particularly in view of fact that 
ajbout one^fourth of, the students taking the Survey Had ^ot taken. ( 
an algabra coxirea^ ' * • 

■ y-" ' ■ ' ■ . . , ■ • 

I In generalf students do well on itemff involving simple equations 
"in one unknown, sytabolic^ graphing, simple line graphs, ^d cooif3inate,f^'^ 

• grsfphing;' Students do poorly 'on itetns involving word problems, 
equations ii tW .unVnowns , and graphs requiring two-^t6p analysi^*- ^ . 
^^ple b" ij^lukt rates hpw students typically perf^jfined on equation- 

••sbiLyiii;^ <i"*stions. ■ ' / - * • 



Example B 



• X * 3t ahi y 


= 3t , then ^ 






1 .k— , 


' . (70) ( 6) 



Percent Cdrrect ■ . 



1975-76 
197^-77 

1977- 78.- 

1978- 79 



71.0 
70.9 
69.9 

«0.4 



Ceometgy^y - !jhe geometry pbri ion of the Survey consists of 24 * 
questioi^. Half of the fiuestiOn^ require students to i"identify*biasic 
geomgtri^* set^' and ^ig.4res, an^ half require them to apply basic 
georoe-tjric knoTgled^a and ^:ohcep'gs. ,The overall average percetM: Correct 

>lo. 1978-79 was 61.^; >Kich wa's the sSme percent cortiect score as in < 
1977-78. In the previaus two yeats, the scores had declined by 0i3 

* and»0'.6 pi^rpent; correct, ^reepectivfily'. * , - ; ' , • 

' .When:1^76-^9 sitores were coiipired w^th 1977-78 scores. It .was^ 
Jno ted that of ,the J2 questions raqoiring studfi^s to identify geo- 
metric fl^ures^ the s4:ores i^crea^e* <vi "thfee questions', decreased 
on seven, •and remained the samg on two*, ^i;Xhe^ cWangfeB reflected ^ 
•an overall decrease bf 0^1 percent ^corj^^ct *fjo® the previous year 
5n khowledge^of geoni^tric facts ^ ^ ^ *\ ; • . v'v 

^ • . ' • ' ' ' ' ' ' i 

Of 12 ^cjuestions-o^n gebmetric apgl lections, .the scores 
increase* ^on eight questions, and decreased on If our qu^t ions- These 
chenges ^^amounted /to , an. overall increase >f 0.2 percent qprrect frbfli 
4.977^78 ^6.19^6-79 on geometric; -Applications. In the previous two 
years, the/^cbres *iij^*thls /^xea had dec^^^^^d* by '1 ^nd. 0*6 percent .\ 
correct',' Respectively. . • ' ; • 

Hie ^ativisof^ committee ^ol^erved t1iat the scores in geometry are. 
no ^longer declining. HoWver, tire committee recoramended ^hat . 
increased cuVficular emphasis be *place?d;. on APi^iic^t^^Q^s of geometric 
relationships in secondary, schools . Example C illustrates;^ 'typical 



Example C 




in th^ figure above, the Ifines A£ ami C3) 
are perpendicular to AC*^ What is, the - 
distance frc»a A to E? 

(27) 
O40 ft. 
ONone of these 

C19> 



(33) (17) '.(4) . 

m 52 ft. o60 ft. ht5 ft. 



Percent Correct 



1975- 76 

1976- 77 

1977- 78 

1978- 79 



36.5 
3(3.8 
32.5 
32.8' 



Measurement . The «Sqrvey Includes 30 items in the 'area of 
measureaient; 12 are recall or ;computatlon items requiring students . 
to estimate, to convert from one unit to another unit, and to per- 
form arithinetic opersfions related to length', area, and time. The 
^remaining 18 items are won! problems dealing with measureaient^ f - 
length, area, volume, time, aind distance. A f ev .df these items 
requiire' the" student to convert within the metric sy"stem. 

.In the ovetali major, sklli area of measurement, stiidetits* scores 
stowed a decline of 0.4 percent correct from 1977-78 to 1978-79. ^ 
Stud^T\t scores on seven o^ the 12 recall or computation items- showed^ 
a decline y ^four shoved an increase » and the score on one remained 
the .same. Nine of the 18 application items showed a decrease, eight 
i terns ^ showed ap increase, and the score on one remained the same. 

* Ipi the judgment of 4:he advisory committee, the continued decline 
in fTTTs faajor skill area reflects a decrease :^n instructional empha- 
8l3. The committee also noted that the items involving measurement 
and consumer mathematics showed a cohtinued^ignificantL decrease in 
average percent correct. Example D illustrates an item assessing 
consumer math* skills. ^ / - 



X 



A housewife* will pay the lowest price 
per ounce for rice if she buys: ^ * ^ 

(10) O 12 ounces for 40 cents, 

( 9) O 14 ounces for 45 cents 

(35) «a> '1 pound, 12 ounces for 85 cents 

(45) 0^2 pounds for 99 cents**^ 



Percent Corr 




1975-76 
X976-77 
197^78 
1978-79 



39.6 
36.8 
36.2 
35.8 



Probability and statistical The twelfth grade Survey Includes 
14 items on 'probability and statistics,. In this in^jo.r skill area, 
the average percent corre,ct score for 1978-79 was 57.4, an iricr-ease 
of 0.1 'percent correct over the score reported In I977-7g. 

Six of the 14 items require students to compute the probability 
of simple events^ axKl such statistics as the. mean and median of a set 
'of numbers. For these items the 1978-79 scores ^showed, a small 
Increase over the, 1977-78 scores. Ti\e scores on the eight applica- 
tion questions in 1978-7^ were lower than the 1977-'78 scores on the 
same questions* - " 

Jhe cDramittee judged that ipDst students have learned to compute 
averages and know the term "mean"- as an equivalent term. In faot, 
th^ scores on .these itemsrshow significant improvement* On the other 
hand, only 17.4 percent of the students could answer correctly an 
item involving the median- of a aet. of numbers; The coBHaittee felt 
that because Ibaslc probability art^. statistical, concepts and termino- 
logy' are comEwn in day-to-day life, classrqom instruction should Ije 
designed to emphasize applications of these concepts. 

Summary of the Connmittee's Conclusions and Recommendations 

The members of the Math^atics Assessment Advisory Committee were 
pleased to note a slight upward trend in mathematics scores for the 
first time in eight years — since the introduction of Iowa Tests of 
Educational Development in 1969. The. scores ,improved slightly in all 
skill areas eJccept the skill areas of geometry and measurement. '-This 
.was the second year in a row in which the scores in decimal computa-. . 
tiop increased significantly. ' 

^ ^ The pattern of str^gths and weaknesses discerned by the % 
committee members in their analysis of the twelfth grade math rjssults 
±5 suimnarized in Figure 15* * - 
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FIGURE 15,' Mathematics. Assessment Advisory Committee's Judgments of 
'Strengths and Weaknesses of Twelfth-Grade Students in 
Haf^ on the Basis of Skill Area Results on the Survey of 
Basic Skills; Grade 12, 1978-79. 



Areas of strength 



Areas in need of improvement 
A I 



Computlxig whole numbers 

Performing applications with 
whole numbers 

Solving equations in one 
^IciK>wn 

Reading line and bar graphs 

Recognizing cotmiK^n geometric 
terms and shapes 

Computing with -denominate numbers 



Coi^utlhg with mixed fractions, 
decimals, aiul perceftts 

Performing applications involv- 
ing fractions stlid decimals 

Solving equations in two unki^wns 

Interpreting data from tables and 
graphs requiring two-step analysis 

CompreheiKjllng geometric relation^ 
ships . 

Understanding mean, median, and 
range and computing probability 
of events . 



D. Conclusions About Mathematics Achievement 



What conclusions can be drawn from the NAEP and California data? 
In general,, the picture of mathematics achievement presented by these 
twp assessments is complementary. Both agree that student performance 
with whole number computation is quite high, ranging from 80 percent 
for California twelfth graders to over 90 percent for certain addi- 
tion problems on the NAEP tests. A simple division problem in the 
NAEP test was correctly answered by 85 percent of the 17-year-olds. 
Furthermore, changes in computation with wfiole numbers seem to have 
been minimal crver the periods tested. California figures show no 
change on whole number computation between the first, second, and 
third years of testing, atid a slight 0.5 percent gain between the 
third and fourth years. 

Student achievement with fraction and decimal computation was 
not as good, however. The average percent correct for problems 
involving decimals for California twelfth graders was 73 percent; 
for problems involving fractions, this percentage was 69 percent. , 
Furthermore, the NAEP data suggests that performance witji fractions 
may be declining. In 1973, 81 percent of the 17-year-olds tested ' 
could find tyo-thirds of 9; in 1978 only 73 percent could eorrectly 
do this multiplication. The California data suggests that while 
computational nbility with fractions has declined overall, the more 
immediate trend may be more promlsln^^. It sh^s a decrease of 1^.5 
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percent from 1976 to 1977, a decrease of only 0.2 percent from 1977 
to 1978, and a modest increase of 0.4 percent from 1978 to 1979. 
"Hius* while improvement in computation with fractions is clearly 
needed^ the treind picture is far from hopeless. 

The picture is ress encouraging, however, when one considers 
scores on applications of wlu)le numbers, fractions, and decimals^ 
For California twelfth graders* scores on whole number applications 
are four percentage points lower than scores on whole number compu- 
tations. But scores for decimal applications are 8 percent lower 
than scores for decimal computations, and scores for fraction ap^li-- 
cations are 10 percent beloi/ scores for fraction computations. 
TliMBse application scores have dropped slightly (0.4 percent) for 
whole numbers and decimals (0.1 percent) and declined more drasti- 
cally fot^ fractions (1.3 percent). 

Furthermore, NAEP data on achieven^t with percents (which can 
be considered a specific application of decimals) was disappointing. 
In 1978, only about half of the 17-year-olds could compute the per- 
cent of games won by a hockey team which won five of twenty games 
played. This was a drop of * 8 percent from performanc*^ on the same 
problem in 1973. 

Assessment data seems very cle^r on this^oint: success in com- 
putation does not guarantee success in applying the same computation 
to a practical situation. Although schools have been successful in 
teaching whole number computationf they have been only moderately 
successful in teaching computation with decimals and even less 
successful in teaching computation, with fractions. And students 
who know "how" to compute frequently do not know "when" or 
'Vhere" tp coiipute. Schools must broaden their view of basic 
aritho^tic if they expect students to use what they are taught. 
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